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ABSTRACT 


In recent years reports have appeared from various ionospheric 
observatories concerning the appearance of a third magneto ionic compo- 
nent or a so-called z-trace. The phenomenon has also been called 
magneto ionic triple splitting. After having recorded a number of such 
triple splits at the new Kiruna observatory in northern Sweden we became 
very interested in the problem as a whole. The entire matter was examined 
theoretically and as a result it has been possible to show that strong coupling 
often exists between the ordinary- and z-components at a critical level. It 
has further been possible to show that the z-wave only is excited when the 
collisional frequency v is less than the critical collisional frequency y, of 
Appleton and Builder. This is physically easy to understand because the 
polarization curves of the o- and z-modes only cross each other when 
v<v,. Therefore the propagation of the o-z wave always is of the 
transversal type. In the outer regions of the ionized layers and outside 
these, the o-z-o wave not only behaves like an ordinary wave but actually 
is one. Consequently there is no need to make polarization measurements 
in order to find out the nature of this component. A useful expression for 
the transmission coefficient of the o-z wave has been derived. 


It is finally shown theoretically, as has already been proved experi- 
mentally, that the z-trace only can appear with appreciable strength at 
high latitudes. 


In conclusion, it is further pointed out that coupled wave equations, 
similar to those appearing in this theory, under certain circumstances, 
yield the characteristic roots of the propagation exponent for the new 
electron wave tubes. This indicates an interesting similarity between the 
excitation both of the z-waves in the ionosphere and the electron waves 
in the tube mentioned. 


INTRODUCTION 


(Research Laboratory of Electronics, Chalmers University of Technology, Gothenburg, Sweden) 


Triple splitting of ionospheric waves or rays was reported already in 1933 
by Eckersley. A few years later, in 1935 and 1936, Toshniwal? and Harang* 
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reported similar phenomena. This interesting matter did not attract much 
attention until after the war the chain of recording ionospheric observatories 
had been greatly increased. According to Meek‘ triple splitting was observed 
in Canada (1943) when the Churchill ionosphere station commenced opera. 
tion. Since then the phenomenon was observed frequently at other 
Canadian stations as well. At Hobart, Tasmania, Newstead (1946) observed 
F, triple splitting.’ Seaton, reporting from College, Alaska, in 1947, pre. 
sents a record of F, triple splitting® and discusses the possible mechanism 
of excitation of the third or z-component of the downcoming wave, 
Further Gipps, Gipps and Venton at Brisbane’ as late as August 1948 de. 
scribe a ray trace which appears to have the characteristics of the z-compo- 
nent. It is significant that all the reports mentioned come from places of 
high or fairly high geomagnetic latitude. 


At the Kiruna Ionospheric and Wave Propagation Observatory, which 
started regular recording on October 1, 1948,° a large number of triple 
splits have been recorded both in the E and the F regions. As far as is 
known to us E triple splitting has only been reported early by Meek.‘ The 
frequent occurrence of ionospheric triple splitting at Kiruna has made 
us particularly interested in the phenomenon. The purpose of the present 
note is to make a preliminary investigation of the excitation and properties 
of this interesting z-component of the wave. 


THEORETICAL CONSIDERATIONS 


In his treatise, On the Propagation of Radio Waves,® the author has 
described the coupled wave equations governing the propagation of the 
ordinary and extraordinary waves in a plane inhomogeneous ionosphere. 
With the symbols used in this treatise and the assumption that the electron 
density varies in the propagation or z direction only these equations become 


ail. . . di dll, 

Et + (ko?e,— %*) 17, = — IT, S —2 as MD (1) 
a*il, 2 2 -_ dys all, | 

dz? + (Ko e, — ¥*) IT, = — I, > ae dz yp (2) 


The values of «, and ¢, are given by the Appleton-Hartree formula,” 
k y= 2m/A, (where Ao is the vacuum wave-length), and % is a coupling coefi- 
cient. One further has (if the time factor is e~‘), 


ee Se. ae (3) 
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In these formule 
5 =-, (5) 


where v is the frequency of collision and w = 2zf, the wave angular frequency, 
§ is a loss angle measure of the medium. The critical loss angle is 


§. =—, (6) 


¢ 


eis 


where v, is the critical collisional frequency of Appleton-Builder,” viz., 
1 sin? 0 
"% =" cose | OH ay 


Here @ is the angle between the z-axis and the direction of the terrestrial 
magnetic field and w,, = 27 - f; is the angular frequency of gyration of the 
free electron in this field. 


Further 
_ 


V2 = —1, (8) 


w2 


where w, is the ordinary wave critical angular frequency of the electron 
density level in question. For a parabolic layer formed between z = zp>— Ah 
and z =2Z 9+ Ah, for example, one would have 


ata. {l- (Gay) ° 


where w, is the ordinary wave critical angular frequency of the layer. 


In the wave equations (1) and (2) we assume that index (1) denotes the 
ordinary or o-component and index (2) the “ unusual” z-component. 


For the unperturbed o-wave functions we use the very accurate* 
approximations?° 
= W,\? +/2 () 
. tees . = 
ie = (352) e€ H,)3 (W)), (10) 
where n,= 4/e, is the index of refraction of the o-mode and W, the phase 
integral 
W,= / k, ny dz = Wi (s. z). (11) 





* Very accurate except in the neighbourhood of a second zero of e,. When two zeros 
come very close (not of immediate interest in this connection) parabolic wave functions have 
to be used. See reference 12, p. 23. 
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It is important to note that z, is the location of the zero of «,, i.e., the branch 
point of m,. When we have losses this point (or points) lie in the complex 
z-plane. 

Assuming that to the left of the layer n, =e~”, then m1,” apparently 
represents a wave incident upon the layer. Neglecting the possible formation 
of a z-wave we see that the coefficient of reflection, at the lower boundary 
Z,— Ah, becomes 


j2{W, (Za, Zo an-7} 


R=e ) 


(12 
if the layer is not very thin and w + We 


For the unperturbed z-wave functions we use similar wave functions 
eC 
denoted J7,% with 


Ww, = [ kynzdz = W, (z;, 2), (13) 

Zb 
where z, is the position of the appropriate «, zero. A fundamental question 
apparently is to study the behaviour of n, and nz in the z-plane. To this 


question we will return briefly after first having studied the nature of the 
coupling coefficient. 


Denoting by z =z, the interaction level where w,*= w? (also branch 
point of 7, when v = 0), we use the following approximation in the neighbour- 
hood of this level, viz., 


2 
d (w, 


ve {EG} en amtens 


Under these circumstances we have 


: (14) 


en 8./%a, 
* {e-2)-1 4} {e-2,) +52} 


0 


It is extremely interesting, from an interaction point of view, to find 


+ 0, v> », 
f dz | . (16) 


Returning now to the question of the refractive index we find it conve- 
nient to use the following form of the Appleton-Hartree formula, viz., 
pi (V2-+ 1) (— V2+ J) . 

(1+ J) (— V*+ jo)— ycos 6 {O, V8.2 + (— V?+ jd)? 





(15) 
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One easily finds that 7,7 is zero for V? = j8, and n,? zero for V?= + y+ jd, 


Ww 
where y=-—". 


Thus even considering the losses the zeros of n,? and n,? 
are independent of @. 


Denoting by z, the position of the n,* zero corresponding to 
y?= —y + jé, we find for the parabolic layer 


2, = % — Ah nf 1-(2)'+/ a J ao (18a) 











w2 
ae ~* 
25 = za — Ah y/' -() ye a er ea (185) 
‘ wee 
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cms - l a ( =. . 
if -S) 
w 2 
2 , nse Oe 
(w a ene. e ;) 
Thus 
Im (z;) > Im (z,) > Im (z,). 
It is especially interesting and important to find that 
Im (z,) =21% (19) 
si ao 
Ah w, awe 
where = _‘m__- As Re(z,) =z,, this means that the zero 


of n,? is located mid-way between the poles - and — 22 of w%. The situa- 


tion is depicted in Fig. 1. ™ ‘ 
It is further very interesting to note that 
(n2),-2, =! (20) 
and that at the poles 1, = np. 
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Fig. 1. Showing the location of the zero of n? and the poles of y in the z-plane. 
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Fic. 2. Index of refraction in the neighbourhood of w, = w when » = 0 
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We have in Fig. 2 plotted the variation of «, and ¢«, for v =0, a normal 
electron density gradient and geomagnetic conditions of the Kiruna 
F 3) 1) (2) 
observatory. The unperturbed standing wave functions, 11,° — [1,9 + /7,° F 


and 11°” =11,"" + 11,°", corresponding to these e-variations are shown 
in Fig. 3 for v =O together with — Im() for v =0,95 v, This figure 
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Fic. 3. The coupling coefficient and the unperturbed wave functions 
in the interaction region. 


demonstrates that the coupling actually takes place within a very narrow 
region of a few hundred meters effective extension. 


It is of particular interest in this connection to demonstrate the peculiar 
nature of % for various v-values. The variation of the important component 
— Im () is therefore depicted in Fig. 4 from which it is easy to understand 
that the “‘ interaction integral ”’ (16) is zero when v > »,. 


Let us next study the first order approximations to solutions of the 
excited z-waves, running up and down between z, and z. Introducing 


é,)(z) = — 11,0". = = san i aie (21) 


we find the first order z-wave approximations 


1 =— I,’ ae f m1” (0 + &) dz, (22) 
bi 
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Fic. 4, Demonstrating the nature of — Im (y). 
and 


(2) F (1) 
Ms —= Ie «a {Tae (EO + 6) de (23) 
ba 


Here 5, and b, are lower and upper boundaries of the effective interaction 


i ‘ i : (1) (2) 7 
region. Further w,” is the Wronskian of the pair J7,° , 77,° . With our 
form of functions w.°=/j - 2k,. 


Of practical interest for the moment only is to study JZ," when z > by 


and J7,'?) when z < hy, i.e., we are not going to study in detail how the 
IT,-functions build up within the interaction zone. 


At first sight it appears as if one of the two terms of (21) would compli- 
cate the treatments of the interaction integrals (22) and (23). On the 
contrary one finds, after partial integration, that the presence of both these 
terms makes it possible to analyze the interaction integrals fairly simply. 
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We thus find for z > b, 


(= 0” TT.,® 
I) = — aaa aft {71° ae oe =) f+ 
ie o 77,9 
(1) (2) TT. * all IT, mad 
+8 TS (oy — tar) of dest (24) 
1, =, 


and similarly for z < b, 


rans”. 1, (ngage, 
x # 11,° 11,0 
(1)” 
a) (1), JJ, IT,° 
+H". me"(2e- a) i de (25) 
II,° IT,? 


We are of course principally interested in Eq. (24) which yields the 
amplitude of the wave propagating towards z, As far as the interaction 
integral is concerned replacing b, by — oo and b, by + oo does not appre- 
ciably affect its value if b, and b, are well outside the main interaction 
zone. We thus — 


(2) 1 (1) a) | (1) 
IT, = —II,°" : “ap Fs (b,, b,) = — II,° “Wee * Fy (—ee, + oo). (24a) 


z>by 
The wave function products appearing in F,") are bounded only in the 
lower half of the z-plane. As the wave functions themselves have no poles 
in that wie — we simply have to evaluate the residue at the lower #-pole, 
at z,, — j— 
¥ - 
We have already mentioned that at the ¥-poles n,=n,. The distance 


between the poles and z,, ., is quite large. For the locality in question 


(Kiruna) v,~ 2, 3-10° sec! and with the gradient chosen this distance 
is greater than about 105 meters. The amplitude of W, at the poles there- 
fore will be at least of the order 2, 8, the corresponding phase angle with 


the chosen orientation somewhere between —5 and — at z,+/° : 

ae 
1 

and between + 5 and + at Zz, fe For W, (in tJ = + Za) the 


a a& 





1° = 4 “ ~~ 


* Note: , etc, 
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amplitude is about three times as large with phase angles approximately 


- * We can therefore use the asymptotic representation of the Hankel- 


functions at the poles and as there m,=n, we infer that the first term 
of F,™ practically disappears (the paranthisis tends to zero). Moreover 


|, |< |," | at the lower pole. It can therefore safely be said that 
the first term of F.“ does not contribute to its value. We have thus shown 
that only the “‘ incident’ wave function produces the z-wave proceeding 
in the same direction. 


For the JJ,'?) component the result is similar. This time, however, 

we have to evaluate the residue at z,,+ j° “1. as the wave function products 
ae 

are bounded only in the upper half-plane. Only the “ reflected”? wave 


’ (2) ' 
function J7,° contributes to the residue and therefore to the J7,‘*) component. 


(1) (2)’ 


i7,° its : fi 
As at the pole —*, — 5 = 2jky * Motes We find 
i,° IT,° 
Qo - Ao 7 
() @ ——J {W, Zz i £8 +24,)— Wa (z Sra! prea a” yt eS 
IT, (z)~ IT,° -¢€ ( “e Ya, “o Ya, * 2. 


“=e 
a> ba p 


Actually we should have started with unit amplitude value of the wave 
(1) 
incident at z =z, —Ah. The JJ,° (z) wave function of the interaction 


(1) (1) 
integral therefore should have been replaced by J/,° (z)/I,°- (z, — Ah). 
Denoting the pole positions by z, and z, respectively and introducing this 
scaled down wave function we find, if z > b, but z= z; that 


~ % J {W1 Za,» 20 — OA) +Woe (Z1s Za} 


TY @) = 5 oe He 


° 5 Tt 
: Z {(W2 (Za,> Z2)—Wa (Za, Z2)— 5} ; (26) 
As the first exponential is the straight phase integral up to z (though 
with exchanged refractive index after the z-wave “‘ takes over’”’) we are led 
to introduce the transmission coefficient T+ of direction into the layer, viz., 





T j \W, (Z » Z2) —-W, (Za,» Z2)— 3 
nad? tee (27) 


v< y 
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we see that as v approaches v,,|T+| approaches 5. This indicates very 


>: 
strong coupling, as indeed one would expect. When namely v approaches 
y, the mathematical reflection point, z,, comes farther and farther away from 
the interaction point z,,. The interaction pole, z., at the same time comes 
closer and closer to the interaction point and more and more of the incident 
wave energy is transformed into the z-wave. Finally there appears to be 
complete transformation. However, when the coupling becomes so strong, 
our first order approximations can not be accurate enough. We intend to 
50+ 
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‘404 (o) {z) 
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Fic. 5. Depicting the variation in polarization when »> »;. 
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study these questions of higher order approximation in the near future. 
This work will probably be reported in a later communication. 


It is obvious that as v becomes larger than v,, z, moves into the upper 
half-plane, and thus 





T*+=0 v> ¥, (27a) 








How can this result be explained physically ? Let us look at Figs. 5 
and 6, taken from Mary Taylors classical work.!* It shows the polariza- 
tion of the wave components as a function of electron density (the same 
relations hold also for the electromagnetic derivatives of the coupled J], 
and JI, waves). The polarization curves only cross each other when v < »,. 
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Fic. 6. Depicting the variation in polarization when » <<». 
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Only when they cross each other will there be a point where the o- and z- 
components have the same polarization, in this case plane. At this point 
the coupling must occur. The z-components therefore can only be excited 
when v < v,. 

However, one should not be led to believe that transmission conditions 
as a whole are optimal for the z-wave when v< vy, The regular path 
attenuation naturally becomes quite considerable unless v, is fairly low as 
at high latitudes. 

Let us therefore, in order to complete the picture, study the return of 
the z-wave after it has been refiected at z;. We now have to study the 


(2) 
excitation of the JT, wave by the wave. This is now easily done if in (25) 
we everywhere exchange the lower indices 2 and 1. One immediately sees 


that we are returned to our original problem of determining T+ and that 
T- =—T*t. 


The downcoming o-z-o wave thus becomes 


ae, 
(2) 1 j2 i Wi, (20,, Z29o—Ah) + Woe ( Zs Za.) — 
=~ sis ° 9 Te. - 
Tl = Jn, e Tt: T=, @&® 


when the incident wave has unit amplitude. We can also regard 


—yw 


bi 
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ass 7 
ale J2 1 Wi (265 2— SA) + We( 2, 2%) — = 
ace Co iti dpe T- (29) 


as the reflection coefficient of the returned or downcoming 0-z-o wave. 
The ratio between the two reflection coefficients becomes 


R, a j2 WwW; (Zo, »Za, ) “fr Ww.( Zb> Zo,) —W i( Zas Za.) } 


Rize TIT -, (30) 


Assuming W, (z,, Z;,) roughly equal to W,(z,, Z,,), a reasonable 
assumption, we infer from (30) that the probability of observing both the 
o-wave and the z-wave must increase when we approach such regions 
where v is small and | T |? large. Let us therefore next study how | T |? 
varies with the collisional frequency. 

According to (27) 

§, 2 n) 
k —n,) dz—5} 
T+~5-é ila (27a) 
P< Vy 

It thus is of particular interest to plot n, — n, from 2, to z,, (and then 

to z,) along the axis between the ¥-poles. To that end we introduce 


~ ¥* + js = | Jps,, 
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where the upper sign denotes the direction from z, to z, and » runs from 
0 to 1. We then obtain the two very simple expressions 


2 
1— VI = +5 - tan?6 ina 
n,*? = 7 “= 9 
saearcceins 1 +70 
1—vVl —p a ) 





1+ Vi—# +5 - tan? 6 





mm (32) 
—> , vl + jd) 
P+ vi =H ty cos 


where it is no serious neglect to drop js. It is therefore a comparatively 
simple matter to plot the variation of m, and n, along the axis between the 
poles. The result is shown in Fig. 7. We immediately note, that the 











VARIATION OF REFRACTIVE INDICES FOR THE O- AND 2-MODES 
ALONG THE IMAGINARY AXIS, JOINING THE ¥-POLES <2, AND 2> 


Fic. 7. Showing the variation of the refractive indices along the pole-axis. 
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difference between Im(n.) and Im (n,) always is very small indicating 
a practically negligible phase change. 


Eq. (27a) can be written 


a tJ {ko 3, (1—u) M(u)/¥e, — 3} — kode (1) N Wu)/v0, 
e > 


Tra 5 (33) 
where, as before, p = ~, 
1 
N (yu) = a fire (nz) — Re ()} dp, (34) 
and , 
1 “ 
M(x) =, * f dm (a) — Im (ny) de. (35) 
° 
We thus have with very good accuracy 
2 —2kod, (1-H) N (4)! Ya 
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Fic. 8. Depicting the variation of N (u) and M (u) along the axis of the g-poles. 
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as at least for |u| <1, |M(u)| < O, 02 (for the y and @ values chosen). 
This is demonstrated by Fig. 8. The magnitude of M (u) always is very 
small which indicates negligible net phase shift. It is of the order of say 
10 to 15 degrees. 

It is very interesting to note that N (z) only falls to about 0-60 through 
the pu-range in question. For higher frequencies, smaller y-values, this 
decrease in N (u) is more pronounced. 


From (36) we finally obtain the practically useful formula 





Tr. ra -. ee (1-7 )N (;) a (37) 
; ae: 


where C, is the velocity of light. 


Fig. 9 illustrates this result for typical E-layer values and Kiruna geo- 
magnetic conditions. 
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TOTAL TRANSMISSION COEFFICICENT AS A FUNCTION OF Vv 
Fig. 9, 
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The critical collisional frequency, v,, increases rapidly with decreasing 
geomagnetic latitude as shown in Fig. 10. For comparison a height scale 
corresponding to the daylight v-values has also been introduced in order 
to show the relative position of the ionized layer. 
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For typical upper E-layer values, Ah =20km, v =10° sec! and 
2 
v. =2,5-10° we have T= 7 ‘e417 — 3, 9-10-2. For the same layer 


2 
at a geomagnetic latitude of only 25° we would instead get T? =F -e-@, 


In this case it would not be possible to detect the z-component. 
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It is thus clear from what has been said and, again, from the nature 
of relation (37) that o-z-o transmission of appreciable strength only is 
possible at high latitudes, preferably above 70° N. or below 70°S. This 
is in full accord with experimental facts, both others and our own. 


EXPERIMENTAL RESULTS 


It appears from Fig. 10 that at Kiruna for example where the geomagnetic 
latitude is about 65°, triple splitting cannot occur below about 120 km. but 
that it must occur with great strength slightly above that height. This is 
in complete agreement with our experience. We record triple penetration 
of the E-layer almost regularly and in Fig. 11 is shown one of the typical 
records obtained with the new 16 kW panoramic recorder.“ _ It is interest- 
ing to note that on this occasion, as so many times before, the o-z-o-compo- 
nent almost is as strong as the o-component. One notes the characteristic 
fact that o-z-o-wave reflected from the F,-layer disappears when the o-wave 
penetrates the E-layer. The reason for this is clear, both physically and 
from (37). This feature of the z-trace has already been reported by 
Meek.‘ 


It is clear both from the form of relation (37) and from Fig. 10 that at 
Kiruna for example T* is considerably smaller for the o-z-o-wave in the 
F,-layer. However, on account of the small v and therefore low attenuation 
on the whole the z-trace can be seen on F,-records although by no means 
as frequently as near the lower critical v,-level. Fig. 12 is a clear-cut 
sample of F, triple splitting recorded recently at Kiruna. 


Fig. 13 finally shows another characteristic example of E-layer triple 
splitting which again shows that the z-trace disappears near f;,. This 
time the z-trace was much stronger than the x-trace. 


The present investigation has shown that with respect to the o- and 
z-waves the layers of the ionosphere act as if they constituted coupled trans- 
mission lines. The “ordinary” line runs from + Ah to +z,, the “z” 
line from + z, to + z or from + z, to — z, when the o-z-o-wave pene- 
trates, if we for the sake of simplicity assume a symmetrical layer and put 
z,=0. It is not possible to detect any difference in polarization between 
.the o- and o-z-o-waves outside the layers. There they are, in fact, both 
ordinary waves. 





As a corollary to this work we would like to point out that in connection 
with our theoretical investigations of electron wave tubes, for micro wave 
work, we have found that the characteristic roots of the propagation expo- 
nents for such tubes can be found from coupled wave equations of the type 
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we have used here, but simpler. This is extremely interesting and shows 
that there must be some similar features between the excitation of the 
z-wave at the interaction level (w,2 = w?) in the ionosphere and the excita- 
tion of the electron waves in the tube just referred to. . Details concerning 
these investigations will appear in a forthcoming report from the 


Research Laboratory of Electronics, Chalmers University of Technology, 
Gothenburg. 
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INTRODUCTION 


THE importance of a knowledge of the thermal expansion of solids, parti- 
cularly of crystals, for a proper understanding of the nature of the solid 
state, cannot be overemphasised. Although a large number of metals, 
alloys and ceramics have been investigated rather in great detail, compara- 
tively little work appears to have been done on crystals, specially the trans- 
parent ones. A_ few crystals have been examined over a wider range of 
temperature, while in the case of the majority of them studied. the early 
investigators confined their attention to temperatures close to the room 
temperature. The data concerning the thermal expansion of transparent 
crystals will be all the more interesting and valuable as they could be corre- 
lated with their vibration spectra, obtainable from Raman effect studies. 
The author has, therefore, undertaken a systematic and detailed investigation 
of the thermal expansion of a large number of crystals, belonging to different 
crystal forms. The crystals selected are those for which the Raman effect, 
the elastic constants and other properties are being investigated in this 
laboratory. The results of study with two cubic crystals, sodium chlorate 
and sodium bromate, are presented in this paper. 


Both sodium chlorate and the isomorphous salt, sodium bromate, have 
a simple constitution, but are optically active as well as piezo-electric, have 
no water of crystallisation, and can be easily grown in the laboratory, 
Sodium chlorate has been a subject of study in many directions in this labo- 
ratory. Ramaseshan (1948) has studied the Faraday effect and the magneto- 
optic anomaly of this crystal and has obtained very interesting results re- 
garding its internal constitution, while Miss Shanta Kumari (1948) has 
investigated its Raman effect. Rao (J949) has determined the separate 
elastic constants of both sodium chlorate and sodium bromate by the ultra- 
sonic method. No data on the thermal expansion of these crystals are 
reported in the literature. Incidentally, the author came across Mason’s 
(1946) paper, in which he has described the results of his investigations on the 
elastic, dielectric and piezo-electric properties of these crystals. Since thermal 
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expansion occurs as a small correction term in his calculations, this has 
been determined for both these crystals by Miss Armstrong and the 
expansion curves up to 90°C. are reproduced in his paper. However, no 
details are given. By assuming a linear relation between temperature and 
dilatation, the curves have been extrapolated upto the highest temperatures 
employed. According to the present investigations, the relation between 
temperature and thermal expansion is not linear but parabolic in form, as 
the curves and formule, presented later in the paper, indicate. 


EXPERIMENTAL TECHNIQUE 


In the present investigation, a modified form of the well-known inter- 
ferometric method, due to Fizeau (1866) was employed. The original 
method was subsequently improved by Abbe (1889) and Pulfrich (1893) 
and later by Tutton (1898). Sinden (1927) ‘has given a method of automati- 
cally recording the fringes photographically. Recently Nix and Mac-Nair 
(1941) have made extremely accurate determinations of the thermal expansion 
of various metals by adopting the photographic method for recording two 
systems of fringes—one set giving the thermal expansion and the other the 
temperature of the specimen. The interferometric procedure has been 
extensively employed in the American Bureau of Standards, and Merritt 
(1933) has described in detail the whole experimental procedure to be adopted, 
hence the author felt it unnecessary to give a detailed account of the method 
here. The experimental arrangement at the disposal of the author was simpler 
and the visual method was employed for counting the fringes. For complete- 
ly eliminating or considerably reducing the errors caused by the tilting of the 
spacers under mechanical forces, and those caused by variation in the air 
film thickness at the contact surfaces, the “‘ weighted spacer method ” was 
employed. This problem has been thoroughly investigated by Saunders (1939) 
and he has described in detail the modified procedure to be adopted to attain 
maximum accuracy which the interferometric method is capable of giving. 


The furnace used was the one set up by Press (1949) and has been 
illustrated in his paper (Fig, 1). (The author takes this opportunity to thank 
him for this.) The optical arrangement was also identical with that used 
by him. For measuring temperatures, a chromel-alumel thermocouple was 
employed. The calibration tables giving the relationship between the 
thermo-electric e.m.f. generated with temperature are provided in the 
literature (Roeser, Dahl and Gowens, 1935). The thermocouple was connect- 
ed directly to a sensitive microammeter, which was compared, throughout its 
range, with a millivoltmeter. The latter was accurately calibrated with a 
Tinsley’s vernier potentiometer. 
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PREPARATION OF SPECIMENS 


Though both sodium chlorate and bromate belong to the same cubic 
class, their crystal habits are peculiarly different. The chlorate crystal 
assumes a cubic form of which the principal faces are the 001, 010, and 100 
planes. On the cube edges the 110, 101 and O11 planes were also in 
evidence on some crystals. For the bromate crystal the habit is the 
octahedral one, the principal faces being the 111 planes. As a consequence 


of the crystal symmetry, only one coefficient of thermal expansion need be 
determined in each case. 


A large transparent crystal of sodium chlorate was chosen and was cut 
into three smaller pieces. One face of each was ground and polished flat. 
Then each was turned into a right pyramid, standing on a square base of 
nearly 5 mm. side, and of height nearly 4 mm. A micrometer screw capable 
of reading up to 1/5000 th of a cm. was employed to measure the height of 
the samples. The heights of the three specimens were made equal to one 
another as far as the measuring instrument could detect. Further, finer 
and final adjustments in their heights were secured by putting them in 
between the interferometer plates and viewing the resulting interference 
pattern, and by bringing the fringes to the required width by abrasing the 
slant faces of the spacers near the apex. In the case of bromate, as one single 
large transparent crystal was unavailable in the lot, three small crystals 
were chosen and ground as in the case of the chlorate. All the specimens 
were necessarily made small in size, consistent with their mechanical stability, 
so that diffusion of heat in their interior was not delayed, and they acquired 
the temperature of the furnace as quickly as possible. This helped to mini- 
mise the time lag between the spacers and the thermocouple. 


CALCULATION OF THE THERMAL EXPANSION COEFFICIENT 


If AN is the number of interference fringes that shift across the 
fiducial mark when the system is heated from T to T + AT, andif the 
length of the specimens changes from Ly, to Ly, + AL, then 


2(Lo+ AL) 2L, 


AN = — (A, and A, are the wavelengths of 
2 1 
the radiation at the two tempera- 
tures) .. = (1) 
= 2 ls “st ae) _ 245 £0( since ~ =p =ref. index of the 


medium; A, = wave-length in 


vacuo ) 7 ws (2) 
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Now, for a gas 


so that 
~ =} = i os (u» being the refractive index at 0° C., 
760 mm.) .. (3) 
Making use of this relation for evaluating p14, ps, velvet their values 
in the above expression for AN and after re-arrangement of terms, the follow- 
ing expression is obtained: 


273 _ Py 
ies 273, a (4) 
L+(s—D 760 T, 


The second term in the denominator is very small, specially at high tempe- 
ratures and hence can be neglected. Thus 


L = it -AN+ (py) — N60 (4; - z,) (assuming P to be 
constant) .. (5) 
The second term in (5) is the correction to be applied for the change 

in the wave-length of the radiation employed, due to a change in the 

refractive index of air with temperature. By dividing the expression (5) 


by the temperature interval, AT, the coefficient of linear expansion can 
be easily evaluated. 


The values of A, and (u» — 1) can be obtained from the tables and 
formule provided in Meggers and Peters’ paper (1918-19). 
Thus A, for Hg-line (green) = 5462-2 A. 
and (u» — 1) = 2925 x 10-7. 
OBSERVATIONS AND RESULTS 


All the necessary observations are entered in Tables I and II. In the 
first column of each table is inserted the number of the interference fringes 
that pass the reference mark. The microammeter is read exactly at the 
moment when the particular fringe is centred on the mark. After making 
necessary correction for the temperature of the cold junction of the thermo- 
couple, the corresponding temperatures are calculated from the calibration 
tables referred to above. These temperatures are recorded in the second 
column of Tables I and If. The values in the third column are computed 
by muliiplying the number of fringes entered in the first column, by a pre- 


. m3 ; . 
viously calculated factor, op. given at the top of each table. The fourth 
ong 
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TABLE |. Relative changes of length for sodium chlorate 














L, = 0-3865 cm. Barometric height = 684 mm. 
aT = 0-0,70662 Temperature of cold junction = 25-3°C. 
| | 
No. ot fringes} Temperature 3 | Air-correc- AL 3 
(AN) cc.) | it » QNX10° | tion x 108 Lo «108 
} 
| 
0 26-2 | a * = 
10 42-2 | 0 +7066 12-2 0+ 7188 
20 57-8 1-4132 23-0 1-4362 
30 73-1 | 2-1199 32-6 9.1525 
40 87-9 2+8265 41-1 2-8676 
50 102-4 3-5331 48-8 35819 | 
60 116-4 | 4+2397 55-6 4.2953 
70 130-2 | 4-9463 62-0 5-0083 
80 143-8 | 5+6530 67-8 5+7208 
90 157+1 | 6-3596 7361 6-4327 
100 170+2 17-0662 78-1 97-1443 
110 183-1 7+ 7728 82-6 7°8554 | 
} 120 1956 8-4794 86-9 $+ 5663 
130 207-9 | 9-1861 90-8 9 +2769 
140 219-9 9-8927 94-4 9-9871 
| 150 | 231-8 ) 10-5993 97-9 10-6972 








TABLE II. Relative changes of Jeans Po sodium bromate 

















Ly = 0-2870 cm. Barometric height = 686 mm. 
M = 0-0,95160 Temperature of cold junction = 26° C. 
——— 

| 
No. of fringes! — 3 | Aircorrec- AL 3 
(AN) | Hh ANx10 tion x 108 Ke “a 
aa a a : : ee 
0 26-6 ** ns “e 
8 46-4 0- 7613 14-9 | 0-7762 
16 65-8 1-5226 27-8 | 1-5504 
24 84-8 2- 2838 39-0 | 2-3228 | 
32 103-6 3-0451 49-1 3-0942 
40 122-1 3+8064 58-0 3-8644 | 
48 140-4 4-5677 66-0 4 +6337 | 
56 158-4 5+3290 73°35 5-4023 
64 176-0 6-0902 79-8 61700 | 
72 193-4 6+ 8515 85-8 6-9373 
80 210+5 7-6128 91-3 7: 7041 | 
88 227-4 8-3741 96-3 8-4704 
96 244-2 9-1354 100-9 9- 2363 
104 260-7 9-8966 105-2 10-0018 
112 277-0 10-6579 109-2 10-7671 
| 120 | 293-2 11-4192 113-0 11-5322 





ee Ss se _ aA Saet 
column gives the air-correction to be applied at each temperature. The last 
column, which gives the true dilatation of the specimen per unit length, 
is the sum of the values in the third and fourth columns, 





88 


S 


FP 





. S. Sharma 














1 S. 1 
420 759 180 
Temp erature °C 


iL 5 
210 240 


Fic. 1. Relative changes of length for Sodium chlorate with temperature 


125 


ur 


SL 3 
ri 
ya x40 
GB kr w 
Y T T 


LN) 
t 











40 &0 I29 





Fic. 2. Relative changes of 


4 i 1 
7E9 260 240 
Temperature °C 


length for Sodium bromate 


j 
289 320 


with temperature 








Thermal Expansion of Crystals—I 89 


The expansion curves for sodium chlorate and sodium bromate are 
depicted graphically in Figs. 1 and 2 respectively. 

Tables III and IV contain the values of the coefficients of linear expan- 
sion for sodium chlorate and sodium bromate, respectively. The observed 
values are entered in the second column and the corresponding temperature 
is entered in the first column of each table. From the observed values of 
a, coefficient of linear expansion, an interpolation formula, given at the top 


TABLE III. Coefficient of linear expansion for sodium chlorate 
a: = 0-0,4279 ++ 0-0,5973" -- 0-0,,720172 

|\Temperature ,; aX10°deg.-! C. | ax10® deg.-? C. | Difference 
CC) (Observed) (Calculated ) (%) 

ae aes nite | | 

| 34-2 44.92 44-92 
50-0 45-98 45-96 ee | 
65-5 46-81 47-01 —0-4 
80-5 48-32 48-06 +05 | 
95-2 49 +26 49-13 +0-3 
109-4 | 50-95 50-19 +1+5 
123-3 51-66 51-25 +08 
137-0 52-40 52-32 oe 
150°5 53-52 53-41 +0-2 
163-7 54-33 54-50 -0-3 
176-7 55-13 55-60 —0-9 
189-4 56-87 56-69 +0-3 
201-8 57-79 57°77 | es 
213-9 59-19 58+86 | +06 
225-9 59-69 59-95 —0-4 





TABLE IV. Coefficient of linear expansion for sodium bromate 
az = 0°0,3865 + 0°0,2242¢ + 0- 0493199 # 











Temperature | aX10® deg! C. | axl0®deg.1C. | Difference 
Ce) (Observed ) (Calculated) (%) 
36-5 39-20 39-51 | 0-8 
56-1 39-91 40-01 | —0-3 
75-3 40-64 40-52 | +0°3 
94-2 41-03 41-05 i 

112-9 41-63 41-59 ae 
131-3 42-04 42-15 —0°3 
149+4 42-70 42-71 as | 
167-2 43-62 43-29 +0°8 
184-7 44-10 43-88 +0-5 
202-0 44-84 44°47 +0:8 
219-0 45-34 45-08 +0-6 
235-8 45-59 45-71 | —0-3 
252+5 46-39 46-34 ee 
268-9 46-96 46-98 | es 
285-1 47-24 47-64 —0°-9 
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of each table is derived and the calculated values of a using this formula 
are entered in the third column. The difference, in percentage, between 
the observed and calculated values of a is entered in the last column. The 
agreement between the observed and interpolated values is extremely satis- 
factory. 


The variation of the coefficient of thermal expansion with temperature 
is represented graphically in Figs. 3 and 4 for sodium chlorate and sodium 
bromate respectively. 


DISCUSSION 


From the above results it is evident that the thermal expansion of sodium 
chlorate as well as its rate of variation with temperature are much greater 
than the corresponding quantities for sodium bromate. This indicates the 
presence of greater interionic forces in the latter.. The much higher melting 
point of sodium bromate (381° C.) than that of sodium chlorate (255° C.) 
as well as its relatively higher elastic constants and consequently lower com- 
pressibility also point to the greater affinity of the ions in the bromate. 
Ramaseshan’s measurements of the magneto-optic anomaly in these crystals 
also seem to lend support to the above conclusion. While the anomaly 
in sodium chlorate is 33%, that in sodium bromate is only 28% (Ramaseshan 
-unpublished), indicating a greater distortion of the electronic-atmosphere 
in the latter. In spite of the larger size of the bromate ion, the interionic 
forces in sodium bromate are greater than in sodium chlorate, a fact which 
also finds corroboration from X-ray studies of interionic distances. From 
Zachariasen’s (1929) values of the parameters for sodium chlorate, the 
distance between sodium and chlorine comes out to be 4:017A, whereas 
from the parameters accepted by Wyckoff (1931) for sodium bromate the 
distance between sodium and bromine is 3-718 A. 


To test the validity, or otherwise, of the Griineisen’s (1912, 1926) law 
connecting the thermal expansion with heat capacity, specific heat data for 
these crystals at high temperatures are needed. Unfortunately no such 
information is available in the literature. Ewald (1914) determined the 
specific heat of sodium chlorate in the low temperature region. Goodwin 
and Kalmus (1909), while investigating “‘the latent heats of fusion and specific 
heats of salts in the solid and liquid states ” carried out a series of accurate 
measurements to determine the absorption of heat by sodium chlorate for 
various temperature intervals, starting from the room temperature. These 
values for the quantities of heat absorbed are available from 180° C. to 
250° C., and are extremely concordant. From these values, the specific 
heats at different temperatures are calculated by the author and are entered 
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in the second column of Table V. An interpolation formula, connecting 
the specific heat with absolute temperature is suggested and is given on the 
top of the table. The calculated values of the specific heats from this 
formula are inserted in the third column. The difference between these 
two sets of values of specific heats is entered in the fourth column. From 
a perusal of this difference, it is clear that the agreement is remarkably close, 
and hence this empirical relationship can be employed to calculate the 


specific heat of sodium chlorate at any temperature lying in the interval 
298°-528° K. 


TABLE V. Specific heats of sodium chlorate 
Cp = 0-100 + 0-0,412T( 298° <T < 528°) 























| 
Temperature Cp | (Int ted) Difference | Auth 
. 91 1)! nterpolate ifference uthor 
(° K.) (cals. deg.~? gm. (cals. deg.-1 gm.-1)| | 
== eS 
301 0-224(1) 0-224 0-000 (1) Ewald 
377-5 0-250 0 +255 |  -0-005 | (2) Calculated by the | 
| | author from the ca- 
381-5 | 0-257 0-257 | 0-000 lorimetric measure: | 
| | ments ‘of Goodwin 
403-0 0-266} (2) | 0-266 | 0-000 & Kalmus 
| 
405- 0+264 | 0-267 | — 0-003 
| 
410-0 0-271 J 0-269 | +0-002 
| 598-0 | 0-320(8) | 0-318 +0002 | (3) Reported by Good- 


| win & Kalmus 





From the above, the molar specific heats at constant pressure can be 
represented by the following formula: 


C, = 10-645 + 0-0439 T. (6) 

The values of C, so calculated at different temperatures are entered 

in the second column of Table VI, and the corresponding temperatures are 

inserted in the first column. The molar specific heats at constant volume, 
C,, are calculated by making use of the relation 

C, — C, =AC,*T, where A =8-17 x 10°° (7) 

These values of C, are entered in the third column of Table VI. The 

values of the coefficient of linear expansion, a, entered in the fourth column, 


are calculated by making use of the interpolation formula given at the top 
of Table III. 


In order to evaluate the Griineisen’s constant, y, the other quantity 
to be known is the compressibility of sodium chlorate at absolute zero and 
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under no external pressure. Its value at 30°C. and under normal atmo- 
spheric pressure, as determined by Bridgman (1929) is 5-04 10-'? cm.?/dyne. 
The measurements of Mason (1946) give the values of the separate elastic 
constants as S,,=2-335 x 10-12;  S,.=— 0-515 x 10-'? from which the 
compressibility comes out to be 

x =3(Si+ 28,2) =3-91 x 10-?2 cm.? dyne-?. 

The value obtained by Bhagavantam and Suryanarayana (1947) is 
3:66 x 10-12; while that by Rao (1949) is 3-87 x 10-?*. As these values, 
obtained by dynamic experiments, are in close agreement, the value as 
obtained from Mason’s data is employed for evaluating y. Similarly for 
V,, the gram-molecular volume at zero pressure and zero absolute tempe- 
rature, the value used is 42-75 c.c., which is the volume under ordinary 
conditions. It may be remarked that for sodium chlorate, which has a fairly 
high compressibility, x, may differ from the value at room temperature by as 
much as 15-20 per cent. For instance, the value of x for sodium chloride at 
30° C. is 4:20 x 10-12, while the value of x, is 3:3 « 10-1", a difference of 
more than 20 per cent. between the two values (Slater, 1924). If x» for sodium 
chlorate is less than that employed for evaluating y, the absolute values of 
y for different temperatures would be increased proportionately. But, as 
we are here concerned more with the variation of y with temperature rather 
than with its absolute values, it is immaterial which value is used for xp. 


TABLE VI. Griineisen’s constant for NaClO, at different temperatures 











X%— = 3-91 x 10° cm* dyne—". Vo.=42' ce. 

| | | 
Temperature Cp Ce ax 10° _ 3aVo | 
“Ss (cals. deg.? mol.-?)|(cals. deg. mol.—*)| (deg.-*) ee ee 
eek REN ee) Pee 
303 23-95 | 22-53 44-65 1-55 | 
333 | 25-27 23-53 46+ 62 1-55 
363 26 +58 24-49 48-75 1+56 | 
| 393 27-91 25-41 50-88 1-57 | 
423 29-22 26-27 53-37 1-59 

453 30-54 | 27-09 55-87 1-61 

483 31-85 27-85 58-50 1-64 

| 513 33-17 28-56 61+26 1-68 


| 

The results presented in the above table go to show clearly that y 
exhibits a definite temperature dependence over the range investigated here. 
Upto about 100°C. it remains sensibly constant, but on further rise. of 
temperature it progressively increases, till its value at 513°K. is 1-68 as 
compared to 1-55 at the room temperature. 





As the specific heat data for sodium bromate are not available in the 
literature, the Griineisen’s constant could not be evaluated for this crystal, 
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Krishnan for useful discussions and valuable suggestions during the progress 
of these investigations. 

The author’s thanks are also due to Dr. E. G. Ramachandran for giving 
full facilities to use the Tinsley’s potentiometer in the laboratories of the 
Department of Metallurgy and to Miss Shanta Kumari for kindly giving 
the crystals. 

SUMMARY 

Using a modified form of Fizeau’s original interferometric method, 
the relative changes of length for NaClO, and NaBrO, crystals have been 
measured over the range of temperature 25° to 230° C. for the former, and 
upto 300° C. in the case of the latter. From these the coefficients of linear 
expansion are evaluated and found to vary in the case of the chlorate from 
44-92 x 10-* at 34-2°C. to 59-50 x 10-® at 225-9° C. and for bromate from 
39-20 x 10-® at 36-5°C. to 47-24 x 10-* at 285-3°C. Using the observed 
values of the coefficients of linear expansion and the calculated values of 
the molar specific heats, based on the calorimetric measurements of Goodwin 
and Kalmus, Griineisen’s constant for sodium chlorate has been calculated at 
different temperatures and is found to vary from 1-55 at room temperature 
to 1-68 at 240° C. 
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1. INTRODUCTION 


IN a recent paper which appeared in these Proceedings (and which will be 
referred to as Part 1) the author (Padmanabhan, 1948) described the results 
obtained from a study of the Raman spectra of crystalline sodium and potas- 
sium tartrates using the A 2536 radiation of mercury arc as exciter. It appeared 
to be of interest to extend the investigation to a few more crystalline tartrates 
particularly because of the inadequate attention which these compounds 
have received at the hands of previous investigators. The results of the 
study on ammonium tartrate and Rochelle salt are now presented in this 
paper. The only investigation on the Raman spectrum of ammonium 
tartrate reported in literature is that of Canals and Peyrot (1938). Working 
with the crystal powder, they recorded eleven lines with frequency shifts, 
1116, 1197, 1304, 1397, 1429, 1591, 2914, 2945, 3118, 3377 and 3445 cm". 
The Raman spectrum of Rochelle salt, however, has been studied by numerous 
workers notably by Langer and Klein (1939), Nisi (1931), Canals and 
Peyrot (1938), Nedungadi (1940), and Jean Chapelle (1948) amongst whom 
Nedungadi recorded the maximum number of Raman lines, namely 29 fre- 
quency shifts. All these investigators employed the A4046 and A 4358 
mercury radiations for exciting the Raman spectrum. 


2. EXPERIMENTAL DETAILS 


Crystals used in the present investigation were grown from aqueous 
solutions of the pure salts by the method of slow evaporation. In the case 
of ammonium tartrate, the specimens grown were of small size (1-5 x 0-3 x 
0-3cm.) with the faces not well-developed. Using such tiny crystals, 
it was not possible to find out the orientation of the specimen with respect to 
the directions of illumination and observation. In the case of Rochelle salt, 
on the other hand, crystals of medium size (2-0 x 1-5 x 1-0cm.) with well- 
developed faces were easily obtained. The Raman spectrum of the Rochelle 
salt crystal was photographed by illuminating the specimen normal to the 
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face (100), the scattered light being taken in a direction perpendicular to 
the face (001). A water-cooled magnet-controlled quartz arc was used as 
the source of A 2536 radiation and a Hilger medium quartz spectrograph was 
empoloyed for taking the spectrograms. With a slit width of 0-035 mm., 
exposures of the order of five hours were found to be necessary to record 
the spectra with reasonable intensity. 


3. RESULTS 


(a) Ammonium tartrate.—-An enlarged photograph of the Raman spectrum 
is reproduced in Fig.1. The positions of the Raman lines together with 
the respective frequency shifts are marked in the figure. The mercury lines 
are indicated separately by the symbol A. The spectrum of ammonium 
tartrate exhibits forty-three Raman lines the frequency shifts of which are 
entered in Table I. Of these not less than thirty-two have been recorded 
for the first time. Rough estimates of the relative intensities of the lines 
are also given in the same Table. 


TABLE | 
Raman spectrum of ammonium tartrate 


Sl. 


| Frequency shift Sl. Frequency shift | Sl. | Frequency shift 
| No. in cm.~! No. incm,~? | No- | incm. 1 
| | 
| | | 
ie (20) 64 16 (10) 901 | 31 (15) 1445 
2 (3) 78 17 (3) 920 32 (4) 1468 | 
; g (6) 95 18 (5) 988 33 (4) 1493 
4 (15) 115 19 (2) 1038 34 (4) 1564 
5 (8) 136 20 (6) 1073 35 (4) 1579 
6 (3) 168 21 (8) 1103 36 (6) 1607 
7 (8) 193 22 (4) 1126 37 (2) 278) | 
8 (4) 2154 23 (6) 1192 38 (10) 2917 
| 9 (3) 245 24 (6) 1215 39 (15) 2945 
| 10 (3) 294 25 (2) 1265 40 (2) 3022 
| 11 (5) 355¢ 26 (15) 1313 41 (2) 3160 
| 12 (3) 5374 27 (10) 1334 42 (6) 3378 
13 (2) 703 28 (4) 1364 43 (6) 3430 
14 (12) 805 29 (8) 1388 
| 15 (5) 840 30 | (3) 1407 | 














The existence of all the Raman lines, except 3118cm.—', reported by 
Canals and Peyrot has been confirmed by the present writer. The line at 
3118 cm.-', even if present, could not be identified in the spectrum taken with 


A 2536 excitation as it would fall adjacent to the intense mercury line at 
A 2752. 


The most striking feature of the spectrum is the fact that some of the 
lattice lines are very much more intense than the lines appearing in the high 
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frequency shift region. Many of the Raman lines are exceptionally sharp. 
The few lines which are broad are indicated in Table I by the symbol ‘b’. 
The spectrum exhibits a broad continuum extending from 2700-3180 cm.-! 
which shows the presence of three maxima at 2781, 3022 and 3160cm.-? 


(b) Rochelle salt—An enlarged photograph of the Raman spectrum of 
Rochelle salt is reproduced in Fig. 2 (a) along with a comparison spectrum 
of mercury arc (b). The recorded spectrum exhibits twenty additional Raman 
lines besides the twenty-nine lines already reported by Nedungadi (1940). 
In Table II are listed the observed frequency shifts. Visual estimates of the 
relative intensities of the liines for the particular orientation of the crystal 
used, have been made and the values are given in brackets in Table II. 


TABLE II 


Raman spectrum of Rochelle salt 














l 
Frequency shift Frequency shift Frequency shift | 
Sl. * Sl. a ‘SI. Wut « ee 
No. No. | | No. | 
Author |Nedungadi | Author Nedungadi | Author | Nedungadi| 
— {_ : wate: =i ees it | 
1 (8) 38 39 17 641 641 33 | (18) 1425 1431 
2 (3) 75 18 (3) 700 699 || 34 | (5) 1461 
3 | (5) 93 $8 19 (3) 768 | 35 | (8) 1586 
4 (3) 108 20 | (15) 811 81l | 36 | (8) 1618 
5 (5) 132 132 21 (8) 848 847 || 37 | (6) 1660 
6 | (10) 158 22 | (10) 890 | 891 | 38 | (3) 1795 | 
7 (5) 178 178 23 (5) 915 915 || 39 | (3) 2135 
8 (5) 202 24 (15) 990 999 || 40 | (3) 2240 
9 (5) 232 25 | (10) 1069 1070 41 | (3) 2572 | 
10 (3) 248 249 26 | (15) 1112 | Hi2 42 | (5) 2597 
il (3) 279 27 (3) 1160 | 48 | (3) 2721 
; 12 (3) 310 28 | (10) 1210 1210 44 | (20) 2935 | 2935 | 
| 13 (5) 380 380 29 (6) 1242 45 | (15) 2980 | 2979 | 
| 14 (€) 482 485 30 (10) 1288 | 1292 46 (8) 3262 3262 
| 15 | .12) 531 532 31 | (12) 1345 | 1347 47 | (18) 3402 3400 | 
16 611 6ll 32 | (18) 1380 1379 48 | (15) 3469 3468 | 
49 | (10) 3534 3534 

















In the spectrum taken by the author using A 2536 excitation, there are 
two mercury lines separated from A 2536 by 609 and 640 cm.-! respectively. 
The two faint Raman lines with corresponding frequency shifts observed 
by Nedungadi, even if present, would have fallen on these lines and thus 
remain undetected. 

4. DISCUSSION 


Ammonium tartrate belongs to the monoclinic class and crystallises 
without water of crystallisation. Further details regarding its crystal 
structure are not to be found in the literature. The crystal structure of Rochelle 
salt has been analysed by Beevers and Hughes (1941) by Fourier and 





TABLE III 








| 
| 
| 
| 
| 





| 





| Sodium tar-} Ammonium Sodium Rochelle Potassium 
jtrate solution] tartrate tartrate salt tartrate 
| | 
64 42 38 33 
78 83 15 76 
95 93 
115 110 108 106 
136 134 132 
168 158 153 
193 188 178 172 
2156 205 202 
231 232 235 
239 245 248 2. 
27y 279 281 
294 302 310 309 
355 353 339 
378 380 379 
491 488 482 493 
532 5376 532 531 528 
618 611 603 
641 
719 703 697 700 697 
768 
805 805 813 811 809 
844 840 849 848 850 
893 901 893 890 897 
920 917 915 919 
992 988 990 990 992 
1037 1037 
1068 1073 1072 1069 1072 
1121 1103 1112 1112 1110 
1128 
1192 1160 
1224 1215 1209 1210 1218 
1247 1242 1244 
1265 1287 1288 1282 
1310 1313 1322 
1334 1352 1345 
1364 
1370 1388 1381 1380 1397 
1418 1407 1404 1418 
1445 1432 1425 1429 
1468 1463 1461 
1493 1496 
1564 1560 1560 1560 
1579 1585 1586 1585 
1617 1607 1602 1618 1602 
1628 
1660 1659 
1795 
2135 
2240 
2572 
2597 
2721 
2781 
2917 2935 2935 2926 
29362 2945 2981 2980 
3022 
3160 
3285 3262 3283 
3378 3399 3402 3376 
3480 =| 3471 3469 3435 
3514 3534 
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Patterson method. The salt crystallises in the orthorhombic class with 
four molecules of water of crystallisation. It belongs to the space group 
V2? with four molecules per unit cell. The tartrate ion has its chain of carbon 
atoms almost exactly in a plane. The COH—COOH groups constituting 
each half of the molecule are also practically plane groups inclined at 60° 
io the plane of the carbon atoms. The tartrate ions are bonded to sodium 
and potassium atoms both directly and through the medium of the water 
molecule. 


As is evident from the structure analysis given above, both ammonium 
tartrate and Rochelle salt crystals have very low symmetry. The appearance 
of a large number of Raman lines is therefore to be expected. In order to 
make the discussion as complete as possible, the frequency shifts observed 
in the Raman spectra of the four crystalline tartrates, viz., ammonium- 
tartrate, sodium tartrate, Rochelle salt and potassium tartrate (Padma- 
nabhan, 1948) are given in Table III. 


The frequency shifts observed by Edsall (1937) in the spectrum of the 
sodium tartrate solution are also listed in the same Table. 


The Raman lines of the crystalline tartrates fall roughly into three 
categories—(1) low frequency or lattice lines with frequency shifts varying 
from about 30 to 230 cm.-', (2) lines due to tartrate ion with frequency shifts 
lying in the range 230 to 3000 cm.-', and (3) the lines due to water molecules 
with frequency shift lying above 3200 cm.-' In the case of ammonium tartrate, 
however, there are additional Raman lines due to the NH, ion. 


(a) Frequencies due to the tartrate ion.—The tartrate ion in the solution 
gives rise to eighteen Raman lines which split up into twenty-seven lines in 
ammonium tartrate, thirty in sodium tartrate, thirty-eight in Rochelle salt 
and twenty-nine in the case of potassium tartrate. The spectrum of the 
tartrate ion is made up of (a) C—H frequencies, (b) carboxyl group frequen- 
cies, (c) C—OH frequencies, (d) C—C frequencies and (e) the deformation 
C—H and C—C frequencies. 


The two intense lines 2917 and 2945 in ammonium tartrate and 2935 
and 2980 in Rochelle salt are due to C—H oscillations. The single line 2936 
appearing in the solution is split into two in these two salts. The appearance of 
only one line in the crystalline potassium tartrate and two in the case of other 
tartrates with different frequency shifts suggests that the influence of the 
cation on the C—H oscillation frequency is inversely proportional to the 
mass of the cation. 


The spectrum of the tartrate solution exhibits two lines only at 1370 
and 1617 due to the oscillations of the ionised carboxyl group. In the case 
A3 
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of the crystalline tartrates, four lines are recorded, the frequency shifts being 
1388, 1564, 1579 and 1607 in ammonium tartrate and 1380, 1560, 1586 and 
1618 in Rochelle salt. The two lines 1407 and 1445 in ammonium tartrate 
and the lines 1425 and 1461 in Rochelle salt may be attributed to the de- 
formation C—H oscillations. The frequencies due to C—OH group oscilla- 
tions fall in the region 1035-1345. The eight lines observed in this region in 
ammonium tartrate and seven in the case of Rochelle salt can be attributed to 
this C—OH oscillations. The four Raman lines 805, 844, 893 and 992 cm-! 
which appear in the spectrum of the tartrate solution are due to C—C oscil- 
lations. These lines also appear with roughly the same frequency shifts in the 
Raman spectra of ammonium tartrate and Rochelle salt, which exhibit an 
additional line at about 915cm.-' The group lines 215, 245, 294, 355 and 
537 cm.-! in ammonium tartrate crystal and the lines 232, 248, 279, 386, 
482 and 53lcm.-! Rochelle salt may be attributed to deformation 
oscillations of the C—C chain. It is interesting to note that while the 
spectra of the Rochelle salt, sodium tartrate and potassium tartrate give two 
sharp and intense lines at 532 and 481 cm.-! only one broad faint line at 
537 cmr is observed in the spectrum of the ammonium tartrate. 


The additional lines appearing in the region 1795-2721 cm.-! in the 
spectrum of Rochelle salt are extremely feeble and in all probability they 
may form part of the second order spectrum. They may be assigned as octaves 
and combinations of some of the intense Raman lines as indicated below: 








TABLE IV 
Frequency | Assignment 
| 
1795 | 811+990 
2240 | 1425+811 
9572 | 1288 +1288 
2597 1380 +1210 
2721 | 1345+ 1380 
| 





(b) Lines due to water molecule-——Ammonium tartrate which does not 
contain any water of crystallisation gives two sharp lines at 3378 and 3430 cm.-? 
of equal intensity. These are evidently due to the O—H oscillations of the 
tartrate ion. In the case of Rochelle salt which contain four molecules of water 
of crystallisation, these two frequencies appear with enhanced shifts at 3402 
and 3469 cm.—! the lower frequency shift line being broader and more intense 
than the high frequency shift one. These two lines appear on a broad 
continuum which exhibits two further maxima at ~ 3262 and 3534 cm. 
This complicated nature of the water band is to be attributed to the presence 
of the water of crystallisation. 
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(c) Lattice frequencies.—The lines in the range of frequency shifts 38 to 
202 cm. in Rochelle salt and lines in the range 64 to 215 cm.-! in ammonium 
tartrate may be assigned as due to the lattice oscillations. Most of the lines 
in the former are broad and diffuse in contrast to the sharp and discrete lines 
in the latter. Except for the line 83 in sodium tartrate, a regular gradation 
in the values of the frequencies is noticeable as one passes from the salt 
having a lighter cation to that having a heavier cation. The diffuse nature 
of the lattice spectrum in Rochelle salt may be due to the fact that the tartrate 
ion is bonded to sodium and potassium atoms through the water molecule. 


(d) Frequencies due to NH, ion.—The lines with frequency. shifts 3022, 
3160, 1364, 1468 and 1493cm.-! in ammonium tartrate which are not 
observed in the other tartrates may be assigned as due to the oscillations 
of the NH, ion. In the free state, NH, ion possesses four distinct modes 
of oscillation with frequency shifts 3033 (1), 1685 (2), 3134(3) and 1397 (3), 
the figures within brackets giving the degeneracies. Table V shows the 
assignment of the observed lines together with the lines due to NH, ion in 
NH,Cl and NH,Br. 





TABLE V 

V4 V2 V3 % 

see | @ | (2) (3) (3) 
\ eser : : eee R ‘ -| 
Free ion ..| 3088 1685 3134 1397 | 
| NHgBr .-| 3087 1686 3121 1398 : 1429 | 
| NH,CI .-| 3041 1710 : 1765 3146 1400: 1418: 1449 | 

| (NH4)2CaH405-.] 3022 | falls on the Hg 3160 1364 : 1468 : 1493 

( triplet 





In the Raman spectra of ammonium salts, the symmetric oscillation 
vy, of the NH, ion appears with exceptionally great intensity and sharpness. 
In contrast with this behaviour, the same oscillation appears as a faint broad 
band with a maximum at about 3022cm."! in the spectrum of ammonium 
tartrate. No line corresponding to the oscillation v, could be identified 
in the spectrum. It is quite likely that it has shifted to a longer wavelength 
side and has fallen on the Hg triplet at A2652. The faint band at 
~ 3160 cm.’ is assigned to the mode v,. It is interesting to note that while 
in NH,Cl and NH,Br crystals, the lines due to ammonium ion are found 
to be sharp and intense, in the case of ammonium tartrate, the NH, lines 
are found to the broad and diffuse, while the lattice lines are quite sharp 
and well defined. 


In conclusion, the author wishes to record his indebtedness to Prof. 
R. S. Krishnan for many helpful discussions during the progress of this work. 
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5. SUMMARY 


Using the A 2536 radiation as exciter, the Raman spectra of single 
crystals of ammonium tartrate and Rochelle salt have been investigated. 
The recorded spectra exhibit forty-three lines in the case of ammonium 
tartrate and forty-nine in the case of Rochelle sait, of which nearly half the 
number in each case has been observed for the first time. The observed 
frequency shifts are compared with those of sodium tartrate and potassium 
tartrate. The frequencies due to deformation C-C and linear C-H oscilla- 
tions are found to be influenced more by the presence of the cation. 


The frequencies due to the oscillations of NH, ion in ammonium 
tartrate are found to be broad and diffuse. 
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Fic. 1. Raman spectrum of ammonium tartrate. 
Fic. 2. (a) Raman spectrum of Rochelle salt 


(b) Mercury spectrum 
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1. INTRODUCTION 


It has been shown earlier (1945) that during the emission process in the 
uranyl ion, transition takes place from a single excited clectronic state “IT, 
to two closely spaced electronic levels (X and +2) separated by a small fre- 
quency interval and that in absorption the process is reverse. The two bands 
which arise on account of this transition connecting the three states are 
named as a, and by bands in absorption and as A, and By bands in fluores- 
cence. The ground level being *2,, the X level lies close above it. At low 
temperatures only a few molecules can be present in the X state with the result 
that the relative intensity of the b, band, in spite of the higher transition 
probability for its excitation will in general be less than that of a) band. An 
increase in temperature will obviously increase the number of molecules in 
the X state and there must, therefore, be an increase in the relative intensity 
of the by band. In fluorescence, however, no such effect should be observ- 
able, unless there occurs an intrinsic change in the probability of transitions. 


2. EXPERIMENTAL 


The absorption spectra were photographed at various temperatures by 
the method described earlier (1945). A tungsten filament lamp was used as 
a source of continuous radiation. The spectrograph used was a Fuess glass 
spectrograph. The various temperatures were obtained as per Table IV 
of the paper referred to above. Uranyl sulphate and uranyl fluoride II 
(Mackay products, New York) were selected for this study as in both these 
salts the a, and 5) bands appear and remain resolved even at room tempe- 
tature in spite of broadening. The absorption spectra of uranyl sulphate 
taken with a moderately thick layer at — 185° C., — 110°C, and 25°C. 
respectively are given in Figs. 1 (a,b,c). The spectra in Figs. 1 (d and e) 
are taken with a thinner layer of the salt at — 78° C. and 25° C. respectively. 
The necessity of using thinner layers was felt in order to record a few 
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more bands on the shorter wavelength side as it was observed that the 
continuous absorption which masks the discrete absorption increases 
with temperature. This has the effect of making the salt opaque towards 
the shorter wavelength side. In Figs. 1 (fand g) the absorption spectra of 
uranyl fluoride If taken at — 185°C. and 25°C. are given. The micro- 
photometric curves corresponding to spectra given in Figs. | (a, b) and (/f, g) 
are shown respectively in Figs. 2 (a, 5) and (c, d). 


The fluorescence spectra of uranyl sulphate taken at — 185° C., — 78°C. 
and 25°C. are recorded in Figs. 3 (a, b,c). The experimental arrangement 
was the same as in the second method described elsewhere. A small exposure 
time of five minutes only was given to record the spectra with proper low 
density. Our interest in the present investigation was solely confined to the 
relative intensities of the A and B series of bands.* As any two A and B 
bands in a particular group are quite close together and as only a small 
exposure is given, the densities of the bands are to a great extent indicative 
of their intensities. The spectrum in Fig. 3 (d) is taken at 75°C., the time 
of exposure for this was longer. 


The fluorescence spectrum of uranyl fluoride becomes continuous at 
room temperature, although it consists of most well-defined line-like bands 
at low temperature. Its spectrum at room temperature, therefore, was not 
considered useful for the present investigation. 


An examination of the spectra shows the following main result, namely 
while in absorption with the temperature increasing the intensity of the by 
band increases with respect to that of ao, in fluorescence, although the A, 
band is not recorded due to reabsorption, the reverse is the case and the 
intensity of the A bands increases relative to that of the corresponding B 
bands. The first part of the above statement is clearly supported by the 
spectra in Fig. 1 and the corresponding micro-photometric curves in Fig. 2. 
The second part is evidenced by the spectra given in Fig. 3. The A and B 
bands in the second and third groups where there is no complication due to 
reabsorption show this increase in the intensity of the A bands relative to 
that of the B bands. Similarly the second group of bands in absorption 
(marked a and 5) where there is no complication due to excitation of simul- 
taneous fluorescence show the increase in the intensity of the b band relative 
to that of a with increase in temperature. It is clear that the increase in the 
intensity of the band b with respect to that of a and of A in fluorescence 


* These represent the various members including A, and B, and are obtained by 
transitions to the various vibrational levels of the frequency »,. 
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with respect to that of B with increasing temperature are both real and one 
is certainly not due to the other. 


DISCUSSION 


It is clear that the increase in the intensity of the bg band relative to that 
of a, and of b series relative to that of a series is as a consequence of the 
increasing population of the molecules in the X state which is an activated 
state close to the ground state. But temperature should ordinarily have no 
effect on the relative intensities of the two series of bands in fluorescence 
because they arise from the same upper level. Actually, however, there is 
an increase in the relative intensity of the A bands with temperature. It is 
difficult to reconcile this observation with the previous one. The only way 
in which the phenomenon can be understood is by assuming a relative 
increase in the transition probability for the A band (JZ, — ‘2, transition) 
with temperature. There is no difficulty in this assumption if it is remembered 
that this is a forbidden transition rendered possible by crystalline field of 
the salt. Forbidden transitions are very much sensitive to the amount of 
perturbations to which the ion is subjected at the moment. In a crystal, 
the intensity of any band or line will be sensitive to changes in the ions neigh- 
bour (Gurney, 1939). This fact actually gives rise to interesting effects in 
the case of uranyl salts in which the same uranyl ion is surrounded by 
different ions in different salts. The A, band is observed allowed in various 
degrees in various salts. It is in fact absent in some spectra and in some 
others it appears with an appreciable intensity. Further, the uranyl ion 
is unstable in the free state and owes its entire stability to the crystalline 
forces. It is quite within expectation, therefore, that temperature which 
causes fluctuations and change in the strength of the crystalline field should 
have an effect on the transition probability. It is not without significance 
in this connection to remark that the transition becomes more allowed at 
higher temperatures which is expected on account of greater perturbation 
due to fluctuation, etc., of the crystalline field on the ion. Incidentally the 


decrease in the mean life-time 7 (C« transition probability ) observed from 


the studies in phosphorescence decay of the excited uranyl ion at higher 
temperatures as compared to that at lower temperatures (Delorme and 
Perrin. 1929) appears to be in accordance with the observation recorded 
here. 





* We are not concerned with the effect of temperature on the total intensity of fluores- 
cence which in many solids, although not in most of the uranyl salts, is found to decrease 
with an increase in temperature, 
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I am thankful to Sir C. V. Raman for kindly giving me facilities for 
this work in the Physics Laboratories of the Indian Institute of Science, 
Bangalore. 

SUMMARY 


The effect of temperature on the intensity of the a and b series of bands 
in absorption and fluorescence is studied. It is found that while in absorp- 
tion the intensity of by band relative to that of a, increases with increase in 
temperature in fluorescence relative intensity of A series of bands increases 
relative to that of B series of bands. The increase in the relative intensity 
of by band is due to an increase in the population of the molecules in the 
X level from which this band arises. The increase in the relative intensity 
of the A bands is fluorescence points out that there is relative increase in 
the transition probability of the A band due to perturbations caused by 
thermal changes. This is in confirmity with the forbidden nature of the 


transition as well as with observations connected with phosphorescence 
decay. 
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In the design and synthesis of compounds as possible cures for tuberculosis, 
we have been taking leads from the results and observations in diverse fields 
which suggest definite relationship between some structural features and 
high degree of bacteriostatic activity. In this context, the researches of 
Kuhn! attracted our attention. Following the discovery that 4: 4’-diamino- 
benzil is a powerful antagonist of p-aminobenzoic acid, Kuhn studied the 
effects of 4: 4’-dihydroxy-, 2: 2’-dihydroxy-, 2:2’-dimethoxy-, and 5: 5’- 
dibromo-2: 2’-dihydroxy benzils and found that the last mentioned com- 
pound (“‘ bromosalicil ’”’ or “* 3065’) was a powerful inhibitor of the growth 
of Staphylococcus aureus in vitro. Bromosalicil was claimed to rival penicillin 
in its bacteriostatic effects and to be very effective against sulphonamide- 
resistant gonorrhoea. Buu-Hoi? confirmed the antibacterial properties of 
‘romosalicil and also announced that the chlorine analogue, chlorosalicil 
(i.e, 2: 2’-dihydroxy-5: 5’-dichlorobenzil), was far superior to bromosalicil 
or the sulphonamides. With this as the background, we undertook to 
synthesise and study compounds related to and arising out of the benzils. 


First, the study of the therapeutic action of chlorosalicil in plague 
infection gave rise to disappointment. Though chlorosalicil inhibited the 
growth of P. pestis in vitro in a dilution of 1: 500,000, it gave no protection 
to infected mice in tests conducted according to the method of Sokhey and 
Dikshit.* When the drug was fed to infected mice in doses of 10 mg. twice 
a day, the mice developed peripheral neuritis; under the reduced dosage 
levels of 1 mg., 2mg., and 3 mg. twice a day, the compound gave no pro- 
tection to the infected mice. The dimethylether of chlorosalicil also gave the 
same results as chlorosalicil. Thus, these compounds appear to be mere 
antiseptics rather than true chemotherapeuticals. This has been confirmed 
by Schales and Suthon* who have found that in spite of its powerful anti- 
bacterial activity in vitro and low toxicity, dibromosalicil was of little value 
in the treatment of systemic infections. 
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Next, in the anticipation that the modification of some of the structural 
features of chlorosalicil might lead to compounds behaving as true chemo- 
therapeuticals, we have synthesised imidazole, hydantoin, quinoxaline and 
diurein derivatives starting from chlorosalicil. In addition to chlorosalicil 
other benzils, acyclic diketones and orthoquinone have also been employed 
to synthesise the abovementioned heterocyclic compounds. The com- 
pounds thus obtained are listed in the table. The compounds have been 


named in accordance with the nomenclature adopted in the ‘“* Chemical 
Abstracts ”’. 


Starting from chlorosalicil dimethyl ether, the imidozolone (No. 51) 
was obtained by an adoptation of the method of Anschutz and Gelderman® 
and the diurein (No. 52) according to Angeli® and Biltz.? 5: 5’-Di-(2'- 
methoxy-5’-chloro)-phenyl hydantoin (No. 50), was obtained by heating 
chlorosaliciloin dimethylether with urea and alcoholic potash according 
to the procedure of Biltz and Rimpel.® 


Attempts were made to synthesise the two interesting, and as yet un- 
known, groups of compounds, 4: 5-disubstituted imidazoloneimides and 
5: 5-disubstituted-2-imidohydantoins. The synthesis of the 4: 5-diphenyl- 
imidozoloneimide (I) and its derivative by the action of guanidine on benzoin 
or chlorosaliciloin in acetic acid medium as follows was tried: 

R-CHOH | HaNy _ m 
men ss H.NY R—C—NH” 
(1) 
In spite of repeated attempts, the condensation would not go; the starting 
benzoin was recovered unchangd. On the other hand, the condensation 
of guanidine with benzil or the desired a-diketones in alcoholic potash 
furnished the desired 5: 5-disubstituted imidohydantoins (II). Conceivably, 


R-—CO 
| 

R-—CO 

- H Alcoholi “ NH 
C—OH N Alcoholic a) 

eit - we GM — Ww he si 

NH, KOH ian 
COOH OC =. NEF 
(111) (ID 
Cl 
where, R= -< > or -< >» 














ey SS WS 





Chemotherapy of Tuberculosis—II] 109 


the diketone undergoes benzil-benzilic acid rearrangement first and the 


benzilic acid derivative (II]) so produced yields the product (II) on con- 
densation with guanidine. 


4: 5-Di-(2’-methoxy-5’-chloro)-phenylimidazole (No. 54), the substi- 
tuted 2:4: 5-triphenylimidazoles (Nos. 55-59, 63, 66, 69-73), and the 2- 
substituted 4: 5-dimethylimidazoles (Nos. 75 and 76) were synthesised by 
the method of Davidson, Weiss and Jetting.® 


The synthesis of 2-alkyl and 2-alkylene derivatives of 4: 5-diphenyl- 


imidazole (IV) starting from chlorosalicil dimethylether was attempted as 
shown below :— 

















cl Ci 
4 on o S C—NH 
OCHs + 2(CH, COONH,) + OHUC-R a OCH, I nA 
Cl /CO rr Ys 
4 “J 
==. OCH; 
OC Hg; 
(IV) 


(i) R= —CHg+CHg3, —(CHy).*CHs; etc. 
(ii) R= —CH:CH-CHy, —CH: CH'C,H; 

All efforts to synthesise compounds of type (IV) proved unsuccessful. 
Since benzil has been reported to react very easily with aliphatic aldehydes 
to furnish 2-alkyl-4: 5-diphenylimidazoles,’ the failure in the present case 
is due to the decreased reactivity of the keto groups in chlorosalicil 
dimethyl-ether. This is supported by the fact that chlorosalicildimethyl- 
ether is colourless (cf. Robinson"). The result obtained in the case of un- 
saturated aldehydes is not surprising; even benzil does not react with these 
to yield imidozoles. On the other hand, formaldehyde and aromatic 
aldehydes are able to react even with chlorosalicil dimethylether to yield 
the corresponding imidazoles (Nos. 54-59, 63). 


2-(2’-Hydroxy-5’-chloro)-phenyl-4 : 5-(9’-10’ — phenanthra)-imidazole 
(No. 78) was obtained from 9:10-phenanthraquinone according to the 
method of Cook and Jones.’° However, 8-naphthaquinone and 3: 4-phen- 
anthraquinone did not undergo similar condensations with benzaldehyde 
derivatives in accordance with the observations of these authors so that this 
excellent method could be applied only to 9: 10-phenanthranequinone for 
such a synthesis. Though Cook and Jones?® state that diacetyl cannot be 
used in imidazole synthesis, 2-substituted 4: 5-dimethylimidazoles (Nos. 75 
and 76) have been easily synthesised from diacetyl. Bernhauer and 
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Benzils, a-Diketones and Heterocyclics derived from them 











| 


| Nitrogen percentage 














| 
— Name of the Compound Molecular Formula | MErC..- | 
| | Found | Required 
45 | Chlorosaliciloin dimethyl 101-02 
ether 
46 | Chlorosalicil 197-98 
(5:5-Dichl orosalicil) 
47 | Chlorosalicil dimethyl ether 208-09 | 
48 | 2:2’-Dichlorobenzil 133-34 
49 | Anisil 131-32 
50 | 5:5’-Di-(2’-methoxy-5’- Cy7Hy,0,N.Cl. 247-48 7°4 7+4 
chloropheny!)-hydantoin 
51 | 4:5-Di-(2’-methoxy-5’- C,7H,,0;N.Cl. 215 | Je 1:7 
chlorophenyl-)-imidozolone onwards | 
52 | Di-(2’-methoxy-5’-chloropheny)I-| Cy gH,g0,4N,4Cl. 310 13-2 13-2 
| acetylene diurein 
53 | 5:5’-Di-(2’-methoxy-5’- C17 H,,03N,Clo 297-98 | 11] Ul 
| chloropheny!-)-2-imidohydantoin 
54 | 4:5-Di-(2’-methoxy-5’- Cy7H,,02N.Clo 212-13 | 8-4 8-1 
| chlorophenyl-) imidazole 
65 | 2-(2’-Hydroxy-) phenyl-4:5 di- C23H1¢03N2Cls 236-58 | 5-8 6-3 
| (2’-methoxy-5’-chlorophenyl-) 
| imidazole 
56 | 2-(4’-Hydroxy-) phenyl-4:5-di- CogH,gO0gN2Clo 250-51 | 6-2 6°3 
| (2 methoxy-5’-chloropheny!-) 
| imidazole | 
57 | $':2’:2’-Trimethox y-5’:57:5’- Co4H903N2Cls 201-02 | 5-8 5-7 
trichlorolophine 
58 | 2-(2’-Hydroxy-5’-chloro)-phenyl-| C.3H,;O3N>2Cl. 245-48 5-3 5-9 
4:5 (2’-methoxy-5’-chlorophe- | 
| nyl-) imidazole 
59 | 2-(4’-Dimethylamino-) phenyl- CogHeg0gN Clo 256-57 | 8-3 8-9 
4:5-di-(2’-methoxy-5’-chloro- 
| phenyl-) imidazole 
60 | 2:3-Di-(2’-methoxy-5’-chloro- Cy3H,g02N.Cl, 161-62 | 7-5 1°7 
phenyl-)-4:5-dihydropyrazine | 
61 | 6-Methyl-2:3-di-(2’-methoxy-5’ | CosH,g02N2Cls 165-66 | 6-4 6-6 
| chlorophenyl-) quinoxaline 
62 | 6-Chloro-2:3-di-(2’-methoxy-5’- | CoH ,0,N2Cl, 188-90 | 6+] 6-3 
chlorophenyl-) quinoxaline | 
63 | 2’:2:’2’-Trihydroxy-5':5':5"- CgiHy303N2Cls 255-56 | 6-2 6-3 
trichlorolophine | 
64 | 2:3-Di-(2’-hydroxy-5’- Coo H,202N.Cl, 215-16 | 7°5 7°3 
chlorophenyl-) quinoxaline | 
65 | 6-chloro-2:3-di-(2’-hydroxy-5’- C29Hy102N2Cl, 198-99 | 6°8 6°7 
chlorophenyl-) quinoxaline 
66 | 2-(4’-Hydroxy-) phenyl-4:5- Cy,H,,0N>2 256-58 8-4 8-9 
| diphenyl imidazole 
67 | 5:5-Diphenyl-2-imidohydantoin | C,;H,,ON, 305 16-0 16-7 
68 | 6-Chloro-2:3-diphenyl- CagH,3N,C! 123-24 8-8 8-8 
quinoxaline | lit.2%, 130 | 
69 | 2-(2’-Methoxy-5’-ch!oro-) phenyl-| C j,H47ON.Cl 215-16 | 77 1°8 
| 4:5-diphenyl imidazole | 
70 | 2-(2’-Hydroxy-5’-chloro-) phenyl-| C.,;Hys;ON>Cl 191-92 | 8-1 8-1 
| 4:6-diphenyl imidazole 
71 (| 2-(2’:-Bromo-d’hydroxy-) phenyl-| C g,H,sON.Br. 110- 6+7 7-2 


4:-5-diphenyl imidazole 





(dec.) 
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| 
: | Nitrogen percentage 
— Name of the Compound Molecular Formula | M.P./°C. 
| Found | Required 
72 | 2-(2’-Hydroxy-5’-chloropheny! ) C23Hy903N 2Cl | 163-65 6-5 6-9 
| “4: 5-di-(4’-methoxyphenyl-) 
| imidazole 
73 | 2-(2’-Hydroxy-5’-chlorophenyl- | Co1Hy4ON2Cly 219-20 6-4 6-7 
4:5-di-(2’-chloropheny]-) 
imidazole 
74 | 6-Chloro-2:3-di- | Cop Hi NeCls | 123-24 7:4 7:3 
| (2’-chlorophenyl-) quinozaline | 
75 | 2-(2’-Hydroxy-5’ ‘chlorophenyl-)-| Cy,Hy20N.Cl | 254=55 12-0 12-5 
4:5-dimethyl imidazole | 
76 | 2-(4’-Dimethylaminophenyl- “> | CysHizNg 264-74 18-9 19-5 
| 4:5-dimethyl imidazole) | 
77 | 6-Chloro-2:3-dimethyl | CypH NC 91-92 14-4 14-6 
| quinoxaline } 
78 | 2-(2’-Hydroxy-5’-chlorophenyl- C2, Hy30N.Cl | 246-48 7:5 8-1 
4:5-(9':10’ Geer se, 
imidazole | 





Hoffmann?* have observed that at least small amounts of 2-phenyl-4: 5- 
dimethylimidazole are formed by the action of acetoin, benzaldehyde and 
ammonia in the presence of copper acetate. 


The dihydropyrazine derivative (No. 60) and the benzopyrazine or 
quinoxaline compounds (Nos. 61, 62, 64, 65, 68, 74 and 77) were obtained 
without difficulty by the use of the customary methods available in literature. 


Four representative compounds of the series (Nos. 60, 63, 65 and 75) 
were tested for their toxicity and also for their therapeutic effect in experi- 
mental plague infections in mice according to the technique of Sokhey and 
Dikshit.* In the toxicity tests, the compounds were fed to groups of mice 
in graded doses of 5, 20 and 40 mg. once a day for two days, followed by 
giving the dose twice a day for the next two days. In the case of drug 
No. 65, two out of five mice died at the 40 mg. dosage schedule. Drug 
No. 75 was lethal to mice even in the lowest dosage level tried and so was 
excluded from actual testing in experimental plague infection. 


In chemotherapeutic trials, the three drugs (Nos. 60, 63 and 65) were 
fed at the standard dose level of 10 mg. twice a day for seven days, starting 
the treatment 32 hours after infection. None of the drugs showed any pro- 
tective action. 


Since results in plague and tuberculosis need not necessarily corres- 
pond, all the compounds reported here are being tested for their action 
against the tubercle bacilli. 
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EXPERIMENTAL 


5-Chlorosalicylaldehyde methylether—This compound was obtained by 
the methylation of 5-chlorosalicylaldehyde’* utilising the convenient prepa- 
rative method of Barget and Silberschmidt'* as adopted by Buck” for the 
preparation of veratraldehyde. 


5-Chlorosalicylaldehyde (104g., 1 mol.), contained in a 500 c.c. three- 
necked flask fitted with a stirrer and two separating funnels, was melted 
under stirring in an oil-bath at 110-20°C. Potassium hydroxide (62 g., 
1-5 mols.) in water (100 c.c.) and freshly purified dimethyl sulphate (80 c.c., 
1-25 mols.) were simultaneously run into the melt at about the same rate, 
after removal of the external source of heat. The entire operation was 
finished in about 10-15 minutes. Stirring was, however, continued for 
further 15 minutes. The hot reaction mixture was poured into a 400c.c. 
beaker and, while cooling, was stirred with a rod till granules of the methyl 
ether are mostly deposited, and allowed to stand overnight. The white 
crystalline aldehyde was filtered, washed and dried between filter-papers 
(108 g., m.p. 77-79°). 


5-Chlorosalicylaldehyde methyl ether thus obtained separates from 
alcohol in colourless needles, m.p. 79-80° (Buu-Hoi? reports m.p. 81°), 
yield 106 g. 


2 : 2'-Dimethoxy-5: 5'-dichlorobenzoin, or “* chlorosaliciloin dimethyl 


ether”’.—This was prepared by adoption of the process of Adams and 
Marvel?* for benzoin. 


A mixture of 2-methoxy-5-chlorobenzaldehyde (50g., m.p. 79-80°), 
alcohol (65 c.c.), water (50c.c.), and sodium cyanide (5g.) were gently 
refluxed till a violent reaction set in (5-10 minutes). External heat was 
removed and the mixture allowed to stand. The resulting benzoin was 
filtered when cold, and washed with 50 per cent. alcohol (200c.c.) on the 
filter when it remained as a white crystalline product (m.p. 101-02°; yield, 
35g.). It was of a high order of purity and could be used directly for 
oxidation to chlorosalicil dimethyl ether. 


Chlorosaliciloin separates from alcohol in colourless needles, m.p. 
101-02°. The melting point of this compound is not mentioned in literature. 


2: 2'-Dimethoxy-5: 5'-dichlorobenzil, or ** chlorosalicil dimethyl ether ”.— 


This was obtained by use of the directions of Clarke and Dredger!’ for 
benzil. 


In a 1 1. two-necked flask, fitted with a reflux condenser and an air inlet 
tube were placed copper sulphate (82 g.), pyridine (160c.c.) and water 
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(40 c.c.) and the mixture heated on the water-bath till most of the copper 
sulphate had dissolved. Chlorosaliciloin dimethyl ether (45 g.) was then 
added and the mixture heated at 100° for 2 hours, while a current of com- 
pressed air was being passed in. The mixture was thereafter cooled, filtered 


and the solid washed with water till free of copper salt (disappearance of 
blue colour). 


Chlorosalicil dimethyl ether separates from alcohol in colourless needles, 
m.p. 208-09° (literature* records, m.p. 209°); yield, 44-3 g. 


Chlorosalicil—A mixture of chlorosalicil dimethyl ether (35 g.), chloro- 
benzene (175c.c.) and anhydrous aluminium chloride (350 g.), protected 
from atmospheric moisture, was heated at 60° under reflux with frequent 
shaking for 7 hours. The mixture was cooled and poured into an excess of 
dilute hydrochloric acid and crushed ice. The chlorobenzene was tapped 
off and the aqueous solution repeatedly extracted with chlorobenzene. The 
pooled chlorobenzene extract was washed with water and subsequently 
exhausted with dilute sodium hydroxide. The yellow fluorescent alkaline 
solution, on acidification, yielded the desired chlorosalicil which crystallised 
from alcohol in greenish yellow needles, m.p. 196-97° (agreeing well with 
am.p. of 197° recorded by Buu-Hoi for a specimen crystallised from acetic 
acid); yield, 16g. 

Anisil and 2: 2'-dichlorobenzil were prepared by methods similar to 
that described for chlorosalicil dimethyl ether. 


During the preparation of 2: 2’-dichlorobenzil, the intermediate benzoin 
could not be isolated in the solid state. The oil that was obtained was 
washed with dilute alkali and oxidised by means of air in the presence of 
copper sulphate, and pyridine. From 79g, of o-chlorobenzildehyde were 


obtained 35 g. of 2: 2’-dichlorobenzil as greenish yellow needles from alcohol, 
melting at 133°. 


2:2’-Dichlorobenzil has been previously prepared according to a 


different method by Hodgson and Rosenberg’® who report a melting point 
of 128° for the diketone. 


4: 5-Di-(2'-methoxy-5'-chloro)-phenylimidazolone (No. 51).—Chlorosali- 
ciloin dimethyl ether (6 g.), urea (2 g.) and acetic acid (100 c.c.) were heated 
together under reflux for 1 hour, the solution filtered and diluted to turbidity 
with hot water. The imidazolone was collected and crystallised from 
acetone; it was obtained in colourless needles; yield, 3 g. 


Di-(2'-methoxy-5'-chloro)-phenylacetylenediurein (No. 52).—A mixture of 
chlorosalicil dimethyl ether (5 g.) and urea (19 g.) was heated in a conical 
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flask at 220° in an oil-bath for 20 minutes. The product was extracted 4 
times with | 1. lots of boiling water, washed with cold dilute sodium 
hydroxide and then with water. The acetylene diurein separated from 
acetic acid in faint yellow needles; yield, 2-5 g. 


5: 5-Di-(2'-methoxy-S'-chloro)-phenylhydantoin (No. 50).—A mixture of 
chlorosalicil dimethy! ether (5 g.), urea (2 g.) in alcohol (75c.c.) and satu- 
rated potassium hydroxide solution (12 c.c.) was refluxed for 2 hours and 
then diluted with excess of water. The solution was decolorised (charcoal), 
and acidified with hydrochloric acid. The resulting hydantoin crystallised 
from alcohol-acetic acid in colourless needles, m.p. 247-48°; yield, 3-4¢. 


5: 5-Di-(2'-methoxy-5'-chloro)-phenyl-2-imidohydantoin (No. 53).—A mix- 
ture of chlorosalicil dimethyl ether (5 g.), guanidine nitrate (5 g.), potassium 
hydroxide (25c.c. of 50 per cent.) and alcohol (100c.c.) was refluxed for 
2 hours, filtered and acidified with acetic acid. The imidohydantoin sepa- 
rated from alcohol-acetic acid in colourless prismatic needles, m.p. 297-98°; 
yield, 4-3 g. 


5-5'-Diphenyl-2-imidohydantoin (No. 67).—Benzil (10 g.), guanidine 
nitrate (10 g.), 50 per cent. potassium hydroxide (50 c.c.) and alcohol (200 c.c.) 
were treated together under reflux for 2 hours and worked up as above in 
the previous experiment. The desired 2-imidohydantoin crystallised from 
alcohol in colourless, prismatic needles, m.p. 305°; yield, 10-6 g. 


4: 5-Di-(2'-methoxy-5'-chloro)-phenyl imidazole (No. 54).—A solution of 
chlorosalicil dimethyl ether (5 g.), urotropine (0-42 g.), ammonium acetate 
(10 g.) in acetic acid (75 c.c.) was refluxed for | hour, and diluted to turbidity 
with hot water. The imidazole, which separated out on cooling with some 
unchanged diketone, was collected and fractionally crystailised from alcohol. 
The later fraction, which consisted of faint yellow crystals, were collected 
and constituted the required imidazole, m.p. 211-13°; yield, 1-5 g. 


The 2: 4: 5-triphenyl imidazoles (Nos. 55-59, 63, 66, 69-73)—were pre- 
pared from the relevant a-diketones or benzaldehydes and ammonium acetate 
in the presence of acetic acid according to the method of Davidson, et al.® 
as worked out for the case of lophine. They were invariably obtained in 
a high state of purity and in yields ranging from 85-100 per cent. The 
method adopted is exemplified in the preparation of the first member of the 
series, viz., Compound No. 55. 


2-(0-Hydroxy)-phenyl-4 : 5-di-(2'-methoxy-5'-chloro)-pheny! imidazole 
(No. 55).—Chlorosalicil dimethyl ether (3-39 g.), salicylaldehyde (1-1 c.c., 
1 mol.), ammonium acetate (8 g.) and acetic acid (50c.c.) were refluxed 
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together for 1 hour. The hot solution was charcoaled, filtered and diluted 
with water to turbidity. The imidazole, which separated out on cooling, 
was collected and on recrystallisation from alcohol it separated in faint 
yellow needles, m.p. 236-38°; yield, 4:0g. 


The 2-substituted-4-5-dimethyl imidazoles (Nos. 75 and 76)—were 
obtained, like the triphenyl imidazoles, by the reaction of diacetyl with the 
appropriate aldehyde and ammonium acetate in acetic acid solution. These 
compounds were distinctly basic and did not therefore separate out on 
dilution of the reaction mixture, but were easily obtained by basification 
with ammonium hydroxide. Whereas the yield of No. 75 was about 91 
per cent. of theory, 2-(p-dimethylamino-)-phenyl-4: 5-dimethylamidozol 
(No. 76) could be isolated only in moderate yields of 25-30 per cent. 

2-(2’-Hydroxy-S'-chloro-)-phenyl-4 : 5-(9' : 10’-phenanthra-)-imidazole (No. 
78).—9: 10-Phenanthraquinone (5-2 g.), chlorosalicilaldehyde (3-41 g.) and 
ammonium acetate (15 g.) were brought together in acetic acid (75c.c.). 
Within a few minutes, the clear red solution deposited bright yellow needles 
presumably of the imidazole. However, the mixture was heated for 1 hour 
after adding further amount of acetic acid (25c.c.). The phenanthraimida- 
zole on recrystallisation from alcohol was obtained as colourless needles, 
m.p. 247-48°; yield, 6-9 g. 

2: 3-Di-(2'-methoxy-5'-chloro-)-phenyl-4 : 5-dihydropyrazine (No. 60).— 
Chlorosalicil dimethyl ether (3-1 g.) and ethylenediamine (0-5 g.) were 
brought together in alcohol (20c.c.), refluxed for 1 hour, charcoaled, filtered 
and the solution diluted to turbidity with water. The dihydropyrazine 
crystallised from alcohol in colourless needles, m.p. 161-62, yield, 3-5 g. 


The quinoxalines (Nos. 61, 62, 64, 65, 68, 74 and 77)—were formed in 
nearly quantitative yields when the appropriate diketone was reacted with 
the relevant phenylenediamine in alcohol or alcohol-acetic acid mixture by 
heating for 1 hour. Many of them were produced rapidly even at room 
temperature. 


We express our grateful thanks to Major-General Sir Sahib Singh 
Sokhey, Director, Haffkine Institute, Bombay, and Dr. K. Ganapathi, for 
their kind interest in these investigations. We are also thankful to 
Mr. M. H. Shah, B.Sc., for carrying out all the analysis. 


SUMMARY 


The highly favourable first reports about the antibacterial merits of 
5: 5’-dihalogenated salicils and the essentially sulphonamide-like nature of 
their action on bacteria, led to an improved method of preparation of 5: 5’- 
A4 
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ee 


dichlorosalicil or 
tuberculosis. 


chlorosalicil ’’ for ascertaining its usefulness in human 


The ineffectiveness of chlorosalicil on P. pestis in vivo directed attention 
to the synthesis of a series of biologically interesting heterocyclic ring-systems, 
particularly the imidazole and pyrazine types, starting with chlorosalicil, 
benzil, 2: 2’-dichlorobenzil, anisil, diacetyl and orthoquinones, regarded as 
cyclic a-diketones. 


A total of twenty-eight heterocyclic compounds have been synthesised 
in this connection. Synthesis of these furnished interesting information 
regarding the chemistry of imidazoles. 


A few representative heterocyclics, now prepared, have been subjected 
to examination for efficacy in vivo against P. pestis, which definitely 
demonstrated reduction of the original toxicity for infected mice of the 
initial a-diketones following heterocyclic synthesis from the ketones. How- 
ever these failed to exhibit any curative action. The failure in experimental 
plague of the compounds studied has not yet been correlated with their 
possible anti-mycobacterial activities. 
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Tue Fildes-Woods! theory of the mechanism of action of sulphanilamides 
and other antibacterial agents connotes the possibility that chemotherapeutic 
agents could be obtained from among compounds that simulate the essen- 
tial growth factors or “‘ essential metabolites’ of the bacteria from the 
stereochemical or structural points of view.” The expectation is that these 
compounds would displace the “essential metabolites” in the enzyme re- 
actions concerned but themselves cannot be utilised for the growth or 
proliferation of the bacteria. With this as the working hypothesis, attempts 


were made to synthesise and study compounds as possible chemotherapeutic 
agents for tuberculosis. 


We do not at present have enough knowledge about the exact nutritional 
requirements of M. tuberculosis* or about the vital enzyme reactions 
concerned. In view of the facts that a 1:4-naphthoquinone derivative 
(phthiocol) has been obtained as a cellular constituent of M. tuberculosis* 
and that the closely related acid fast organism, Johne’s bacillus, requires 
a 1: 4-naphthoquinone derivative as an essential growth factor,’ it 
appears likely that some 1 :4-naphthoquinine derivative would be an 
essential metabolite of M. tuberculosis. So, derivatives of 1: 4-naphthoquinone 
or compounds resembling 1:4-naphthoquinone in spatial configuration 
appear to be worthy of trial as possible chemotherapeutic agents against 
the tubercle bacilli. Lloyd and Middlebrook’ tested fifteen naphthoquinones 
against tubercle bacilli in vitro; of these 3-sulphanilyl-1: 4-naphthoquinone 
appeared to be promising in view of its effectiveness and low toxicity. 
Gronwell and Zatterberg’ have studied the tuberculo static effect of compounds 
obtained by coupling 2-methyl-naphthoquinone with sulphanilamide, sul- 
phapyridine and sulphathiazole but the details of the work of these authors 
are not available to us to form an opinion. 
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In view of the bacteriostatic effect of sulphanilamides and sulphones 
and the naphthoquinones against the tubercle bacilli in vitro, attempts were 
made, in the first instance, to prepare and study simple derivatives of sulpha- 
nilamides and diamino-diphenylsulphones which would show a formal 
resemblance to the naphthoquinones also. 


Accordingly, derivatives of phthalic and ortho-toluic acids of the types 
(1), (ID) and (IIL) were synthesised. The two acids were chosen partly 
because of the disputed claim that the biological property (antihemorrhagic) 
of the vitamin K is possibly due to the end product of metabolism which 
is phthalic acid® and if this were so, ortho-toluic acid itself can serve as an 
inhibitor. 

fo0 KA%, — 
a "he © \yso,—2 a4 NH -¢€ \-so,-R 
OH a : | 
eal YY cus 


(I) (III) 


— so,-¢ _» 


\/ “cu, 


(il) 


We were encouraged in this to find that the compound N?-0-toluoyl- 
sulphanilamide has been described in a patent with the claim that it shows 
high antibacterial activity and low toxicity.? Another compound, 4-amino-4’- 
toluamidodiphenyl-sulphone has also been mentioned in a patent.’° The 
twenty-six compounds synthesised in the course of this study are given in 
the table. 


Of the phthalyl derivatives here reported, those of sulphadiazine and 
sulphamerazine appear to have been synthesised before by workers 
at the Sharp and Dohme, Inc. and they have been examined for their poten- 
tialities as intestinal antiseptics.'''* Similarly, 4-amino-4’-phthalamido- 
diphenyl sulphone (No. 84), which results by the interaction of one or two 
molecular proportions of phthalic anhydride with 4: 4’-diamino-diphenyl- 
sulphone in alcohol medium, has been reported by Gray and Platt.'* These 
authors found that by the action of phthalic anhydride on 4: 4’-diaminodi- 
phenylsulphone in pyridine medium, they obtained only the mono- and bis- 
imides (IV and V) which by hydrolysis with aqueous alkali gave rise to the 
same monophthalamido derivative (Vl). Mild hydrolysis of (V) however 
yielded them the corresponding bis-amide (VII). 
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Phthalic and O-Toluic Acid Derivatives of Sulphonamides 
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and Sulphones 





| 


Serial | 


! 


| Nitrogen percentage 





























- Name of the Compound ee M.P./*C. | : 
| | | Found Required 
{ \ } 
79 | Phthalyl sulphadiazine Cig405N4S 290 (dec.)| 14-1 | 14-4 
30 | Phthalyl sulphamerazine Ci9Hyg05;N4S 273-76 13-6 | 136 
81 | Phthalyl sulphamethazine CopHyg05N45 156-60 13-2 | 13-1 
(resolidifying 
and melting at | 
212-13) | 
82 | 4-Nitro-4’-phthalamidodiphenyl | Co9H,407N2S 173-75 13-2 | 13-1 
sulphone 
93 | 4-Acetamido-4-phthalamidodi- CooHyg04N25 228-29 G7 | 6-4 
phenyl sulphone |  (dec.) 
g4 | 4-Amino-4’-phthalamidodipheny]] Co9H,g.0;N2S 251-54 6-7 71 
sulphone | 
g5 | N*-0-Toluoyl sulphanilamide C14H1403N2S | 240-41 9-7 9-7 
9g | N*-o-Toluoyl sulphathiazole Ci7Hys03N3S2 | 245-46 11-2 11-3 
87 | N¢*-o-Toluoy! sulphathiazoline Cy7HyzO3N3S2 | 220-21 11-2 11-1 
gg | N*-o-Totuoyl sulphapyridine CygH g03N3S | 210-11 11-2 11-4 
89 | N*-o-Toluoyl sulphadiazine Cy1gHig03N4S | 257-58 15-3 15-2 
90 | N*-o-Toluoyl-5-bromo- C;3H,503N4SBr 248-49 12-6 | 125 
sul phadiazine (dec.) 
91 | N*-eToluoy! sulphamerazine CigH1zO3N,S 242-43 14-5 | 147 
92 | N#-o-Tolucyl-5-bromo- Ci9HyzOgN4SBr 252-54 12-2 | 12-1 
sul phamerazine (dec.) 
93 | 4-Nitro-4’-o-toluamidodipheny! | C.,9H,gO;N2S 189-90 7-2 71 
sulphone 
94 | 4-Amino-4’-0-toluamidodipheny! | Co9H,g03N2S 230-40 7-4 77 
sul phone 
95 | 4: 4’-Di-o-tcluamidodiphenyl CogH240,N2S 244-45 5-6 5-8 
sulphone | 
96 | N*-Formyl-N?-0-toluoyl Cy5H;40O4N2S 195-200 8-3 | 8-8 
sulphanilamide \(Softg. at 187) 
97 | N*-Acetyl-N1-o-toluoyl | CrsHieO4N2S 225-27 8-5 8-4 
sulphanilamide 
98 | N*--Butyryl-N?-0-toluoy!l CygH2904N2S 226-29 7-8 7°8 
sul phanilamide 
99 | N*-2-Caproyl-N?-o-toluoy! Coo H2404N2S 175-76 7°5 73 
sulphanilamide 
100 | N*-n-Heptoy!-N?-0-toluoyl S21 H2g04N2S 176-80 6-9 7-0 
sulphanilamide | (Softg. at 170) 
101 | N*-cyclo-Hexoyl-N?-0-toluoy! Co,H2204N2S | 216-20 6-9 7-0 
sulphanilamide | 
102 | N4-Cinnamoyl-N?-o-toluoyl | CogH29O4N2S 239-41 6-8 | 6-7 
sulphanilamide 
103 | N*#, N1-Di-o-toluoyl | Coo H2904N2S 229-31 6-9 6-9 
sulphanilamide 
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(IV) m.p. 256-58 °C, (VI) Frothed at 176° and on continued 


heating solidified to give (IV). 
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ae 4 ‘ atic 
Pca __ 
Y 4 Mild ery sO. COOH 


NTN. * LOX wa seth ae wr Cel 
‘eal. ee \——/ * 
COOH 
(V) m. p. 310° (311-13°) (VII) Softened at 185° and melted 
at 304-07°. 

The melting points together with other particulars reported by these 
authors have been given in the above flowsheet. We were able to obtain 
in our experiments only the monophthalamido diphenylsulphone, melting 
at 251-54° with decomposition and dissolving in cold dilute sodium bicarbo- 
nate with effervescence. 


The other phthalamido derivatives reported herein were similarly pre- 
pared by the action of phthalic anhydride on the appropriate amino compound 
usually in alcohol medium. These were also soluble in cold dilute sodium 
bicarbonate with liberation of carbon dioxide. 


Among the N?‘-acylated sulphanilamides chosen for condensation with 
o-toluyl chloride, figure N*-cyclo-hexoyl sulphanilamide and N?*-cinnamoyl 
sulphanilamide in view of bacteriostatic effect claimed against mycobacteria 
for cyclo-hexyl grouping and the cinnamyl radical. 


From knowledge available on the phthalyl derivatives of the sulphanil- 
amides"!® the compounds now prepared and tested would not appear to be 
adequately absorbed after oral administration. Some of them might perhaps 
constitute excellent intestinal antiseptics, but the low concentrations in 
which they would be met with in the blood stream following their oral 
administration would militate against their possible usefulness as anti-myco- 
bacterial agents. They would necessarily have to be given parenterally 
in order to ascertain their antimycobacterial potentialities. 


EXPERIMENTAL 


Phthalyl_ derivatives (Nos. 79-84)—were prepared by refluxing an 
alcoholic solution of calculated amounts of phthalic anhydride and _ the 
appropriate amino compound. The crude phthalamido derivatives obtained 
by dilution of the reaction mixtures with excess of water were purified by 
repeated solution in dilute sodium hydroxide (charcoal) and reprecipitation 
with excess of dilute hydrochloric acid. The yields of the purified materials 
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were above 90 per cent. of the theoretical. The compounds thus purified 
were then crystallised. 


N*-o-toluoyl derivatives of the sulphonamides (Nos. 85-89, 91) and 
the sulphones (Nos. 93, 95)—resulted by the interaction of the requisite 
sulphonamide or sulphone with slightly more than the calculated quantity 
of freshly distilled o-toluoyl chloride in presence of pyridine. 


The N*-acyl-N'-o-toluoyl sulphanilamides (Nos. 96-103)—were obtained 
by the action of a slight excess of o-toluoyl chloride on the suitable N*-acyl- 
sulphanilamide in pyridine. 

N*-N}-Di-o-toluoy! sulphanilamide (No. 104)—was prepared by the 
action of slightly more than two molecular equivalents of o-toluoyl chloride 
on sulphanilamide in pyridine medium. 


All the o-toluoyl derivatives readily separated out on dilution of the 
reaction mixtures with water. Occasionally, partial neutralisation of 
pyridine contained in the diluted reaction mixtures with dilute hydrochloric 
acid effected the separation of the bulk of the condensation products. Unlike 
the N‘-toluoyl derivatives of the sulphonamides and the toluamidodiphenyl- 
sulphones, the N*, N?-disubstituted sulphonamides (Nos. 96-104) were 
contaminated with traces of the starting materials. The N*, N?-di- 
substituted sulphanilamides were found to be more acidic than the N*-acyl- 
sulphanilamides. This characteristic difference was utilised to purify the 
N‘-acyl-N?-toluoyl sulphanilamides. By merely neutralising a dilute alka- 
line solution of the reaction products with dilute hydrochloric acid (litmus), 
only the N*-acyl sulphanilamides were precipitated out; by acidification 
of the filtrate with excess of dilute hydrochloric acid (Congo red) the desired 
N*-acyl-N}-o-toluoyl sulphanilamides were obtained in a high state of purity. 


The yields of the recrystallised o-toluoyl derivatives ranged from 70-90 
per cent. of theory, and were implicitly dependent on the degree of dryness 
of the starting materials. 


4-Amino-4'-o-toluamidodiphenylsulphone (No. 94)—resulted by the 
action of o-toluoyl chloride on excess of 4: 4’-diaminodiphenyl sulphone 
suspended in water. The fraction which was soluble in dilute hydrochloric 
acid and dilute ammonium hydroxide was subjected to repeated fractional 
crystallisation from dioxane and alcohol. The more soluble fractions con- 
stituted the required amino toluamidodiphenylsulphone which was obtained 
in yields of 25-40 per cent. 

5-Bromoderivatives of N*-toluoylsulphadiazine (No. 90) and N*-toluoyl 
sulphamerazine (No. 92)—were obtained by bromination of N*toluoyl 
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sulphadiazine (No. 89) and N¢-toluoyl sulphamerazine (No. 91) respectively by 
adoption of the method of Price, et al.” for the preparation of 2-(N*-acety]l- 
sulphanilamido)-5-bromo-4-methyl-6-methoxymethyl pyrimidine. However 
in contrast to the experience of Price and his associates,!” the bromo compounds 
were invariably contaminated with varying quantities of the starting materials 
(Nos. 89 and 91). The brominated derivatives were only very feebly acidic 
compared to the parent compounds and could easily be obtained by washing 
the reaction mixtures with dilute ammonia which dissolved the distinctly 
acidic unreacted substances (Nos. 89 and 91). The yields of the recrystal- 


lised bromoderivatives of toluoyl sulphadiazine and toluoyl sulphamerazine 
varied from 40-55 per cent. 


We express our grateful thanks to Major-General Sir Sahib Singh Sokhey, 
Director, Haffkine Institute, Bombay, and Dr. K. Ganapathi, for their kind 


interest in these investigations. We are also thankful to Mr. M. H. Shah, 
B.Sc., for carrying out all the analysis. 


SUMMARY 


In order to fit the sulphonamides and sulphones out better for use in 
the chemotherapy of tuberculosis and leprosy, synthesis has been effected 
of a series of o-phthalic and o-toluic acid derivatives of well-known sulphon- 


amides and disubstituted diphenyl sulphones as _ possible mycobacterial 
antagonists. 


Phthalic and o-toluic acid derivatives were chosen for synthesis in view 
of the recent theory advanced by Shemiakin that the antihemorrhagic 
activity of substances of a vitamin K nature, intimately connected with the 
metabolism of mycobacteria, is due to phthalic acid which arises from the 
antihemorrhagic substances. The study of the compounds designed as 
possible mycobacterial antagonists is expected to shed additional light on 
the mode of action of antihemorrhagic compounds and the relation between 
antihemorrhagic action and antimycobacterial efficacy. 


The twenty-six compounds synthesised include o-phthalic acid deriva- 
tives of sulphanilamidopyrimidine, sulphanilamido-4-methyl, and sulphanil- 
amido-4: 6-dimethyl pyrimidines and of 4-nitro-, 4-acetamido-diphenyl- 
sulphones and 4: 4’-diaminodiphenyl sulphone. They also include N‘-o- 
toluoyl derivatives of sulphanilamide,  sulphathizoale, sulphathiazoline, 
sulphapyridine, sulphadiazine, sulphamerazine, 5-bromo-sulphadiazine, 
and 5-bromosulphamerazine. Other toluic acid derivatives prepared are 
N*, N!-di-o-toluoyl sulphanilamide, 4: 4’-o-ditoluoylamido-diphenyl sulphone 
and 4-nitro- and 4-amino-4’-o-toluoylamido-diphenyl sulphones, 


In addition, 
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N1-o-toluoyl derivatives have been obtained from N‘-formyl-, N*-acetyl-, 
N‘-n-butyryl-, N‘-n-valeryl-, N*-n-caproyl-, N*-p-heptoyl-, N*-cyclohexoyl 
and N*-cinnamoyl-sulphanilamides. 
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1. In this Note we indicate a new approach to some generalisations 
of the classical mean value theorems of Lagrange and Cauchy in the Differ- 
ential Calculus. We obtain new forms for these generalised formule and 
also derive some further generalisations suggested by these forms. 


2. The usual form of Taylor’s theorem is 


fet hfe) — Wf") =... —& FR) = Rass 
Writing a — x for h we have 
f@-f@)—@—Hf'@)— .... — FSM" fomD =Ryu. 


This is more convenient in what follows as the right-hand side is identically 
replaced by the closed expression 


(@ =a)" pe [ £0) — F@) 
n! x-a 4] 
where D = d/dx. 


We now state the following generalisation of the Cauchy mean value theorem: 


p [=f], 





x—a@a , é n—p fon (é) 
D?* t = — # (a)) ~ Ax — ‘) path (ey s<t<<4.. . &@ 
x—a ! 


In the next paragraph we reduce this, by a change of variable, to an equi- 
valent form which is shown to follow very simply from Cauchy’s mean value 
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theorem. We here add a few remarks to show the connection of (A) with 
various known results. Thus writing (A) in the form 


@= 2" po [£) —S@) 








“= xa n.P! f+ (6) 
GW [Fw s@) Pm gO 
“7 = es 

we get 
f@-f0—@-aHf'e—....-G* rw 
: AS 2A ix 
$(a)— $@) — @— 94H) — -... — FF 6 


! (%+1) 
my w- o~ of us -» (A) 


n! 


which is a known generalisation of Cauchy’s formula (cf. Mahajani, Ele- 
mentary Analysis, 4th edition, p. 119). 


If in (Ay) we write ¢(t) =(t — x)**!, where g is any number (not neces- 
sarily an integer) such that q+ 1> p, we then have 


¢ (a) =(a — x)", (x) =¢' (x) =.... = d(x) =0 
pF) (t) =(¢+ 1)q(q—1)...... (g—pt1)(t— x”. 


Hence the numerator of the left-hand side of (Aj) is 


2. «0... oe - oe 


ni(q+1) g@—1)....@—p tI) &— x? 
If we now put a— x =h, € =x + 0h, 0 < 6 <1, this gives 
(ad- 6)"-# htt f +1) (x + 6h) 
R | Reel: STS Si? Sis Seah. TD 
— He G+Nq@—))....@-pt+h °° “ 
which is a known form for R,,,, (see Edwards, Differential Calculus, p. 511). 
As a particular case, if in (Ag) we put gq =p — 4, we get 


pi tes ob = Oy? Hes FON x + 8) 
Rett 1-3-5....Qp #1) Sa 


Any number of such particular cases may be derived by taking g= p—f, 
where is a prescribed proper fraction. 


Again, if in (A) we write ¢(t) =¢**! the denominator of the L.HLS. is 


241 P+1 
"plies. eigg HR 
D [ — | p! 
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and we obtain for the numerator 
(1 — a"? 
ni(p + 1) 
which is Schlémilch’s form for R, ,,;. Thus (A) includes the Schlémilch 
form of the remainder in Taylor’s theorem and hence also the Lagrange and 
Cauchy forms which are obtained from it by taking p =” and p =o res- 
pectively. 


3. We now return to the result (A). It may be written in the symme- 
trical form 


Ryu = ere fee & + 


apne l SOo—-S@ 
(a | gam pony (B) 
(x — ay De [PO— F() (Eat gee 


xa 





Now write x — a =e’, F (?) Ao) — = ,O(t) = = =$@ 


Then A = d/dt =(x — a) Dand (x — a)” D” = A(A—1)..(A— 2 +1) 


= A, (A), say. 

With these substitutions the L.H.S. of (B) becomes 
An (A) F (2), 
Ap (A) @ (¢) 


and on the R.H.S. we get 
[a= a)"*? D™* { f(x) —f od 
x={ 


(x— a)** Dé {$ (x) — ¢ (a)} 





Avis (A) {ef F (t)} = 
Ley Olas (PSAP 


e Awe (A + R50] 
t=t, 


X52. (A+ 1) O(t) 
Thus (B) takes the form 
An (A) F (2) = [feet I al (C) 
(A) ()” Lp BF NO OIemn 
Now the form (C) can be shown to result immediately from Cauchy’s 
mean value theorem. We first write the latter in the form 


A Loy = £0] 8 -(E=BBY =A 


Introducing the variable t and the operator A as above this becomes 


$8 -[S0.. LEBEL. 


P(t) LA fe’ (0)} 
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Replacing F (t) by A, (A) % (#) and @ (¢) by A, (A) X (¢), we get 


An(A) $ (t) _ [ (A + 1) A, (A) antl 
AM) x (2) (A + 1) Ay (A) x Oras, 


a [ eset De o) 
Ap (A+ 1) x Ode=t, 
which is precisely (C). If we go back now by writing 


b(t) ~w=h (a) 


x (t) _ ¢ (x)— ¢ (a) 


a= @ 


A, (A) = (x — a)” D”, etc., 
we recover (B). 


4. We proceed to consider some further generalisations of (A). 


Let Q,(0) = z q, ” be an arbitrary polynomial. Consider the expression 
r=0 
P (*-7) (x) _ f(™) 
£ gp [f° @-s™@, 
r=0 == @ 
By carrying out the differentiations and noting that 


s r 
(0) =r! (1) = sah 
Q: (0) r. rs Q, (1) s (m— r) ! Am 
we obtain the identity 


(— I" @ — ay" Eq, D’ [£ a ) 
=F (— 1)" (x — a)” [Qa ™ (DF™ (x) — QQ” (O)F™@]}_—-.. (D) 
Since it is easily verified that 


Jap [ag A] =f 1 et o— 1WOad © 


° 


the result (D) is equivalent to a formula of Darboux (Whittaker and Watson, 
Modern Analysis, 4th edition, p. 125). 


Now write 


FQ) = 2 (— "(ea AOS [a + tx — a] 


®(t) = ¥ (— 1)" (x — a)” BLO” (1) 9 [a + (x — 
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where 
A,(t)= 2 at’, B(t) = F bf. 


Then it is easily verified that 
F’ (t) =(— 1)” (x — a)" AL (OF [a + t (x — a) 
' (t) =(— 1)? (x — a)?" B, (1) o*? [a + t(x — 9) 
If we now apply Cauchy’s formula 


F(1)— F(0) _ F’ () 


O(1I)- 60) ~o7wy <4! 


we get 
= (= 1" = a)” Ag (I) FMC) AsO) FM(A)] 
rr 1)" (x — a)" [Bx (1) g(x) — Bye"(0) 4™ (a)] 


_(— 1% &— a)" A, QS") 
(= DP & — a) Bs (4) HO) 


On using the identity (D) on the L.HLS. this gives 
s (%-1) _ f(t" aoe 
z a, D’ fz (x) ¥ 7) A, (F=—2) posn.(g) 





3 bD’ _ Esra @) 5 (§—4)\gen ty (F) 
ae xXx~—@ 7 p (: —) $ (§) 


This is the desired generalisation of (A). It reduces to the latter if we take 
Qy =A =.... =Anr1=90; db = =.... =bg, = 09. 


The above result can be still further generalised. We set 


F (2) -s Z (— 1)” (x sais a)” ro @ro [a + t (x = a)| 


(1) = : (— 1)” (x — a)" By *™ (1) 6™ [a + t(x — @)] 
Y(t) = z (— 1)" (x — a)" C,™ (1) ™ [a + t(x — a) 
where ” 
A,(t) = 2 a,t’, By(t) = z b, t’, C, (t) = by cf 
If we put 


F(t), FQ), F (I) 
H(t) =| (2), (0), (1) 
¥(), YO), PY) 





the 
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then H(1) = H(O) =0, so that H’ (4) =0,0<t,<1 
F’ (t;), F (0), F (1) 
®' (4), 20), (1) 
P'(t), YO), Yl) 
Using (D) and simplifying, this can be finally reduced to the form: 
(ES). F a, pr(—+ 


y(i—a) oO, £ 6dr (+ 


=0. 


— a)f*? (a & a,D" [—¢ =-7> @) 


= pe” (a), z b, D’ = snes "@- en (2) 


3 x=a |= 


=z)" @, 2 pr [E" @-"@ 


If we take in particular A, (1) = 2", B,(t) =¢? and C,(t)= #, this 
reduces to Rajagopal’s result (see Mahajani, Analysis, p. 119). 


r=0 


G(=4) ve, 2 ¢ p( 


r=0 


(G) 
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IN March 1949, a series of balloon flight experiments was conducted from 
Madras, in which Ilford N.R. plates (B, and Cs, 504) were exposed at 
altitudes up to 60,000 ft. In June 1949 a similar series was conducted from 
Bangalore, using Kodak N.T.4 plates (200), in which altitudes above 
90,000 ft. were reached. Some plates from each batch were used as con- 
trols and developed along with the flight plates. The plates have now been 
partially examined, and the purpose of the present paper is to give a preli- 
minary report of phenomena observed in the plates which appear to be of 
interest and importance. 


All the plates examined show a population of short isolated tracks. 
In the preliminary stages of the examination of the plates we were struck 
by the apparent constancy in the length of these tracks, and by the fact 
that they often appeared in the vicinity of stars. Stars were frequently 
found with an isolated track visible in the same field of view. With some 
stars there were two such tracks and in two cases even three. It was there- 
fore considered desirable to collect detailed statistics regarding the pheno- 
menon, which has so far not been reported by other workers. 


Some 50sq. cm. of the plates has been examined under a medium 
power, in which about 1,200 isolated tracks have been recorded. The results 
shown in Table I[ are confined, however, to a total area of some 17 sq. cm. 
which has been examined in detail, using objectives of 60x with a N.A. of 
0-90. Care has been taken to ensure that nothing of significance has been 
missed in this area. The actual measurements have all been made under oil. 


Only those isolated tracks of which both ends are in the emulsion, and 
only those stars which have their point of origin in the emulsion, are in- 
cluded in the statistics. The stars are classified into ‘large’ and ‘ small’. 
Large stars are those with six or more prongs, or with one track exceed- 
ing 60, in length. These stars are almost certainly of cosmic ray origin, 
whereas the small stars may be due, in part, to radioactive contamination. 
The results for the four groups of plates are collected in Table I. 
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TABLE | 
Bangalore Bangalore . | Madras 
flight chaeel Madras flight | control 

Type of Emulsion .. Kodak N.T. 4\Kodak N.T. 4; Ilford By | Ilford By 
Thickness of Emulsion oe 200 hw 200 uw 50 uw 50 
Area examined --| 7-25 cm.? 1-0 4+0 4-4 
Volume examined «+! 0-145 cm.? 0-02 0-02 0-022 
Small stars as 160 2522) 37(22) 43(24) 
Large stars es 15 2(2) 4(2) 2(2) 
Total stars nA 175 27(24) 41(24) 45(26) 
Stars with one associated single track eg 24 3 } 8 4 
Stars with two associated single tracks oe ll te : l 
Stars with three associated single tracks .. 2 os ee oe 
Total no. of single tracks ws 446 67(62) | 76(52) 66(57) 
Single tracks associated with large stars . 1 pa 2 ns 
Single tracks associated with small stars... 51 3 10 6 





In this table a track is classified as being near a star if the centre of the 
track lies within 150, of the centre of a star. The figures in brackets are 
the expected numbers, if the Bangalore flight plates are taken as standard. 
They are calculated on the basis of the ratio of the respective volumes of 
emulsion examined. For the tracks the two boundary layers, of thickness 
5p, at the upper and lower surfaces of the emulsion, are excluded, since if 
the centre of a track lies in one of these layers the chance is less than 4 
that both its ends will lie in the emulsion, assuming a mean length of 20% 
for the track (see below). In the Bangalore flight plates the frequency of 
tracks near stars is 9-7 times the chance expectation. The expected num- 
ber of tracks near stars for the Madras plates has been calculated on 
the assumption that this ratio is maintained. 


The table makes clear that the concentration of tracks near stars is 
greatly in excess of any chance distribution. In the Bangalore flight plates, 
if the 446 tracks were distributed at random throughout the volume exa- 
mined, only five would be expected to fall within 150, of a star. The 
chance of finding two tracks within 150 of the same star would be 0-16, 
and the discovery of even one case would be very improbable. In the 
Bangalore flight plates the results show 52 tracks near stars and 11 stars 
with two associated tracks. We conclude that there is a real physical asso- 
ciation between the tracks and the stars. 


A second feature of the results in Table I is that there is no difference 
exceeding the statistical uncertainties, in either set of experiments, between 
the flight plates and the control plates. Whatever is responsible for the 
production of the stars and single tracks must therefore have an appreciable 
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intensity at ground level. The period spent at high altitudes is of the order 
of 0-4% of the total life of the plates for the Bangalore flights, and 0-08% 
for the Madras flights. Unless the intensity of production is greater at high 
altitudes by a factor of at least 100 one would hardly expect significant 
differences in the observed numbers between the flight plates and the control 
plates. This question can only be settled by examining plates which have 
been exposed at high altitudes for a longer fraction of their total life. 


The total life of the Bangalore plates was approximately one month, 
and that of the Madras plates five months, between manufacture and develop- 
ment. One would expect, therefore, that the numbers of stars and single 
tracks in the Madras plates, for the same volumes of emulsion, would be 
larger than the corresponding numbers for the Bangalore plates in the ratio 
5:1. Comparison with the figures in brackets shows that the ratio is 
about 2: 1 for stars and about 1:1 for single tracks. This can be explained 
qualitatively as the result of fading. Fading would produce a_ general 
reduction in the number of events observed, but it is to be expected that 
fading would be less pronounced for stars than for single tracks, as the 
stars frequently have heavily ionised tracks which would persist longer. 


Of the 446 tracks in the Bangalore flight plates, 416 have ranges in the 
emulsion between 104 and 40u. The distribution curve of these tracks 
is shown in Fig. 1, which shows a prominent maximum in the neighbourhood 
of 19. Fig. 2 shows a similar curve for the Madras flights, for which we 
have used not only the 76 tracks of Table I, but also 201 tracks measured 
in other areas. There are 265 tracks with ranges between 10, and 40pz. 
The maximum is in the neighbourhood of 20. The ranges are corrected 
for shrinkage, and are the true ranges in the unprocessed emulsion. 


For all the tracks in Figs. 1 and 2 the distance p between the centre of 
the track and the centre of the nearest star has been measured. The tracks 
have then been divided into two groups: (i) those for which p= 150p,, 
(ii) those for which p > 150. The separate distribution curves are shown 
in Figs. 3 and 4 for the Bangalore and Madras plates respectively. It will be 
seen that there is now strong evidence of two different ranges. Fig. 5 is 
plotted from the Bangalore flight results for p < 100vand 100 nh» <p < 
300 u, giving comparable numbers of tracks in the two histograms. The 
two ranges are clearly resolved. 


It appears from these results that we are dealing with two distinct groups 
of single tracks: (i) those occurring near stars, which have a range of 25h 
in the Ilford emulsion and 234 in the Kodak emulsion; (ii) tracks not 
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concentrated near stars, which have a range of 20, in the Ilford emulsion 
and 19% in the Kodak emulsion. 
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Fic. 1. Range—frequency histogram of all isolated tracks in the Bangalore flight plates. 


To deduce the corresponding air ranges we require a knowledge of the 
stopping powers of the emulsions. The stopping power varies with the 
energy’ and with the nature of the particle, and the values determined 
from the measured ranges of known a-particles are not necessarily exact, 
We choose as the most likely values a stopping power of 1650 for the Ilford 
emulsion and 1800 for the Kodak emulsion. The two ranges then become 
3-3cm. and 4-1 cm. for the Ilford emulsion, and 3:4 cm. and 4:1 cm. for 
the Kodak emulsion. As we have substantially more measurements for the 
Kodak emulsion we take the later values, 3-4cm. and 4-1 cm., as the best 
ranges we can at present deduce for the two groups of particles. It is unlikely 


that the maximum error in these values will exceed 0:2 cm. 
AG 
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The question arises whether the single tracks could be due to radio- 
active contamination. The natural a-particle ranges in this region are: 
Th.X, 4:32; Ac.X, 4:29; Rn, 4:05; Ra.C, 4:0; RdTh, 4:0; Po, 3:84; 
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Fic. 2. Range—frequency histogram of all isolated tracks in the Madras flight plates. 


Pa, 3:51; Ac, 3°46; Ra, 3-26; UII, 3-21. Of these we may exclude 
RdTh and U.II, which would be accompanied respectively by Th (2-43) and 
U.I (2-65), and Po, of which the range fits neither of the measured groups. 
It would be very difficult to account for the presence of any of the other 
elements in sufficient amount. They would give, moreover, a population 
consisting chiefly of stars rather than single tracks, whereas the observations 
show that the single tracks are nearly three times as numerous as the stars. 
It has been supposed that radioactive atoms may migrate through the 
emulsion in the interval between disintegrations, so producing single tracks 
separated from the stars to which they belong. There is no evidence, how- 
ever, that these movements can exceed a few microns, and if they occur, 

















Stars and Single Tracks in Nuclear Plates 135 


most of the stars should show small displacements of individual tracks, which 
are not observed. The hypothesis also leaves unexplained the observed large 
number of isolated tracks not associated with stars. In some cases single 
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Fic. 3. Range—frequency histograms of isolated tracks in the Bangalore flight plates. 


(a) Solid lines represent tracks found within 150 @ from stars. 
(b) Dotted lines represent tracks found at distances > 150 from stars. 


tracks are found associated with large stars, which can certainly not be 
explained by radioactive contamination. 


An alternative hypothesis is that the single tracks are produced by 
neutral particles emitted from the stars. Such a particle might (a) produce 
a track by a knock-on process, (6) initiate a nuclear disintegration, (c) spon- 
taneously disintegrate in flight. 


Considering first hypothesis (a), we can exclude the possibility that 
the track is formed by the knocked-on particle, since its energy would depend 
upon its direction, and the observed constancy of range would not occur, 
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The observations show, moreover, that the orientation of the single tracks 
is approximately random, and bears no relation to the direction of the line 
joining the track and the star. One might suppose, however, that there 
is an exchange of charge in the interaction, so that the original neutral 
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Fic. 4. Range—-frequency histograms of isolated tracks in the Madras flight plates. 
(a) Solid lines represent tracks found within 1504 from stars. 
(6) Dotted lines represent tracks found at distances > 150, from stars. 


particle becomes a charged particle and is responsible for the observed track. 
If we also suppose that the neutral particle is emitted with constant energy. 
and that its mass is small compared with the particle with which it collides, 
its energy loss in the coilision would be almost independent of the direction 
of scattering, which would explain the observed constancy of range. The 
cross-section, however, would have to be extremely large, of the order of 
Hypothesis (a) in this form appears very improbable. 


20,000 barns or more. 
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Hypothesis (b) cannot be definitely excluded, but to explain the longer- 
range group of tracks, most of which appear to lie within 150 of the asso- 
ciated star, the cross-section would again have to be large, of the order of 
20,000 barns for the more abundant elements in the emulsion, and even 
larger for the others. 
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Fic. 5. Range—frequency histograms of isolated tracks in the Bangalore plates. 
(a) For tracks found within 100 4 from stars. 


(6) For tracks found between 100y4 and 300, from stars. 
Normal distribution curves have been fitted for both the histograms. 


Hypothesis (c) would involve a disintegration of the neutral particle 
into two charged particles, negative and positive, which would be projected 
in Opposite directions and appear as a single track. If the momentum of 
the disintegrating particle were appreciable the two resulting tracks would 
not be collinear. A number of the tracks do indeed show a slight bend, 
varying between 1° and 10°, and if these represent cases where the resultant 
momentum is appreciable, the star from which the neutral particle emanates 
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must lie on the convex side of the observed angle. There are 19 tracks 
having a distinct bend which lie near to stars, and in 14 cases the star lies 
on the convex side of the angle. It must be realised, however, that with 
such short tracks the measurements of angle are subject to much uncertaintv 
A slight apparent bend may be produced by distortion of the track, by 
irregularity in the grains, or by scattering. The fact that the two.parts of 
the bent tracks do not show a constant ratio of length suggests that they 
do not represent the two opposite particles resulting from a disintegration. 
If hypothesis (c) is correct we would conclude that the neutral particles come 


out with very low energy, and that the observed bends are largely due to 
scattering. 


The grain density of the single tracks is very variable, for which dif- 
ferential fading is doubtless responsible. It is therefore not possible to 
deduce the nature of the particle producing the track, but an ionising power 
comparable to that of a slow proton would be consistent with the present 
observations. On hypothesis (c) if one of the resultant particles were an 
electron, or other lightly ionising particle, it would have been recorded in 
the N.T.4 emulsion, which shows the minimum ionisation tracks reported 
by other workers.” 


Another possible hypothesis (d) is that the star and the associated tracks 
are produced independently by particles belonging to the same cosmic-ray 
event initiated in neighbouring matter. In the ‘broom’ type of shower® 
several closely associated particles move forward in a narrow-angle cone, 
and neutral particles may be included in such a shower. If the observa- 
tions are to be explained in this way it would be necessary to assume two 
kinds of neutral particle, one responsible for the star and the other for the 
associated track. Let n be the number of track-producing particles in the 
shower. each having a probability p of producing a track in passing through 
the emulsion. The probabilities P,, P2, P;.... of obtaining 1, 2, 3.... 
associated tracks in the same event depend only upon n and p. The ratios 
P,/P, and P,/P, are obtained from the data in Table I, from which we 
may calculate 7 and p. The observed numbers are consistent with a value 
of n about 3 or 4. The large number of stars without an associated track 
would then indicate that star-producing particles are not necessarily accom- 
panied by track-producing showers. If we assume that the single tracks 
are produced by neutral particles it appears necessary, on any hypothesis, 
to postulate two different types of particle, or one type existing in two 


alternative states, to account for the experimental fact that two distinct 
ranges are found, 
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It is evident that more observational data are needed before the diffi- 
culties can be resolved, but in the light of the present results hypothesis (c) 
appears the most plausible. One would then interpret the shorter-range 
group of tracks as arising from the disintegration of a neutral particle of 
somewhat larger lifetime and correspondingly smaller disintegration energy, 
emanating from stars formed chiefly in the glass and in neighbouring matter. 
The longer-range group would arise from the disintegration of a particle 
of shorter life and greater disintegration energy, emanating from the stars 
with which the tracks are associated. It would be necessary to postulate 
extremely short lifetimes, possibly of the order of 10-® sec. 


We are greatly indebted to the India Meteorological Department, the 
State Observatory, Bangalore, and the Indian Institute of Science, Bangalore, 
for making facilities available in Madras and Bangalore. We also thank 
Mr. A. S. Rao and Mr. G. S. Gokhale for assistance in the balloon flights, 
and Mr. P. N. Krishnamurty for help in the scanning. 


SUMMARY 


Photographic plates exposed at high altitudes show a population of 
stars and isolated single tracks. Statistics are given covering 288 stars and 
655 isolated tracks found in an area of 17sq. cm. Some tracks are closely 
associated with the stars, and these have a mean range of 4-1 cm. air. The 
remainder, which show no association with stars, have a mean range of 
34cm. air. Some stars have more than one associated single track. 
Alternative explanations are discussed. The most probable hypothesis 
appears to be that the single tracks are due to the spontaneous disintegration 
of unstable neutral particles emitted from the stars. 
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ERRATA 
Vol. XXX, Sec. A, page 339, read 
ta 
OH 
! 
x 


OH Jor the existing formula 


(™ 
R--= ~ 


~ 

OH 
Vol. XXX, Sec. A, page 343, read C,H; for C,O; in formula III. 
Vol. XXXI, Sec. A, page 32, read H for R in formula IV. 





